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SERIES EDITOR'S FOREWARD
Over the past several decades, the New Mexico Bureau of Land Management has actively

supported university field schools on New Mexico public lands. Such field schools are

encouraged where archaeological sites are threatened by weathering, erosion, or vandalism. The

study of such endangered sites salvages information that would otherwise be lost to science and the

general public. The sites serve as rich training grounds for students in the fields of archaeology,

palynology, geomorphology, biology, and botany.

The Rio Bonito Archaeological Project under the direction of Dr. Phillip H. Shelley of Eastern

New Mexico University began with negotiation of an Assistance Agreement in the spring of 1987

and continued through 1999 with the submission of this final report. Field seasons in 1988, 1991,

1993, and 1995 alternated with time dedicated to laboratory analysis and documentation of findings.

We are pleased that the final report includes numerous graduate theses covering such topics as

geoarchaeological investigations, ceramic analyses, and lithic variability. Solid contributions are

made to our understanding of the Sierra Blanca Region of south-central New Mexico. The results of

this field school have advanced our understanding of the paleoenvironment and cultural develop-

ments of this region.

The New Mexico Bureau of Land Management is firmly committed to publishing the results

of field schools held on public lands. In 1992, we published Interpreting the Past: Research with

Public Participation, Cultural Resources Series No. 10. It featured articles on research results

from the Fort Stanton region, the Mimbres site of Old Town, the Three Rivers Petroglyph site, the

Pueblo IV ruin of Hupovi, Navajo Pueblitos, Fort Cummings, and Fort Craig. Research on the

American West: Archaeology at Forts Cummings and Fillmore appeared as our Cultural

Resources Series No. 12 in 1995. Three Rivers Petroglyph Site: Results of the ASNM Rock Art

Recording Field School was released in The Artifact Vol. 37, No. 2, 1999. We also anticipate pub-

lishing results of the University of Texas at Austin's research on the Mimbres site of Old Town

within the next few years as part of our Cultural Publication Series.

The New Mexico Bureau of Land Management, the New Mexico State Historic Preservation

Office, and a coalition of scholars are now formulating a regional research design for southeast New
Mexico to guide future archaeological fieldwork. It will prioritize research domains and identify site

types and data needed to address critical research issues. Regional research designs are founded

upon studies such as Archaeological Variation within the Middle Rio Bonito since they broaden our

knowledge of the local environment and the research potential of the existing cultural resources. By

revealing how thousands of years of land-use history are preserved in the cultural resources of this

region, this field school has provided the Bureau of Land Management with data needed to shape

land-use planning and multiple-use management of our public lands today.

—Stephen L. Fosberg, Series Editor-August 2001
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PREFACE

At the earliest stages of thinking about a long-term field school involving a training and research

program, a major concern came to mind. In many instances, my previous involvement with

field schools has generated much data while destroying parts of several sites. Taken as a whole, such

an approach has generated few results in the way of contributing to our knowledge of the past or the

science of archaeology. This concern has led to the strategy employed in everything from budgeting,

to fieldwork, and to analysis.

My interest in future field schools is to be certain that whatever projects we undertake, there will

be a specific purpose with tangible results. In thinking about this, I have been drawn to the Chicago

field schools led by Paul S. Martin. In Martin's model, student participants are required to establish

specific problem areas within the context of an explicit research design that individual students

would personally pursue. This model has led to the production of many scholarly volumes by field

school participants. As a result, this concern has become a part of my teaching method at Eastern

New Mexico University.

Consequently, all Rio Bonito field school students have been required to read and become

familiar with the project's research design, and I have encouraged them to establish their own

research interest within this framework. As tends to occur with all research endeavors, some of

the student's initial interests have led them in other directions (e.g., Browne and Anderson) and

some lose interest. Overall, however, this tactic seems to have been relatively successful in the

training of many fine archaeologists and, hopefully, has contributed to our understanding of

Southwestern prehistory and archaeological method and theory, both ofwhich represent my primary

goals as a teacher and mentor.

—Phillip H. Shelley-August 2001
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FOREWORD
Report Context

This report synthesizes several years of archaeological research on the Fort Stanton Reservation.

This research was carried out under a cooperative research and training agreement between

Eastern New Mexico University and the New Mexico Bureau of Land Management. This agree-

ment provided funding for four field sessions (1988, 1991, 1993, and 1995). Additional limited

funding was provided in non-field activity years for analysis and synthesis. This report is organ-

ized thematically and presents the results of several graduate research projects. In addition to this

report, several progress reports, annual research designs, and a cultural resource management study

are on file with the Bureau of Land Management, Roswell District office. Paleoenvironmental and

cultural historical information were published in 1991 (Shelley 1991). These reports provide addi-

tional information on the archaeological activities carried out on the Fort Stanton Reservation. In

order to provide a context for the problematic studies that follow; however, some basic descriptive

information on three sites (Upper Bonito I, Lower Stanton Ruin, Rio Bonito Pithouse Village; Figure

1), the region, and the present as well as past environments are presented here.

Upper Bonito I (LA 84319)

Excavations were carried out at Upper Bonito I (LA 84319) in 1988, 1991, and 1995. The

intent of these excavations was to delineate site structure, retrieve artifactual and botanical materi-

als for study, and retrieve charred material for absolute dating.

In 1988, a little less than two weeks were spent excavating at this site. Excavations were carried

out in three areas, two areas of suspected surface or near surface structures (Test Area 2 and Test

Area 3; Figure 2) and one area of a suspected pit structure (Test Area 1 ). These excavations were the

least fruitful of all the years' work at the site. In 1988 no buried features were encountered and these

excavations did little to clarify the nature and extent of the archaeological remains located on the

site. As discussed in an earlier report (Shelley 1991), extensive historic surface disturbance on the

site (combined with the limited nature of the 1988 excavations) resulted in little more than the

recovery of artifacts and charred materials from unclear stratigraphic and behavioral subsurface

contexts. Radiocarbon dates and ceramic frequencies derived from these excavations suggested the

site was occupied during the a.d. 1100s (Shelley 1991:32-33, 95-99). In addition, radiocarbon

dates from suspected surface structures and pit structures suggested they were occupied contem-

poraneously. Given the degree of turbation noted on the site, no analysis of sediment/soil samples

for macrobotanical materials was undertaken.

In 1991, the entire field season was spent at Upper Bonito I (LA 84319). These excavations

were designed to retrieve additional artifacts, macrobotanical, and dateable materials from less

disturbed contexts and to illuminate site structure information. Excavations were concentrated

in two separate areas of the site (Figures 2 and 3). Excavations in Test Area 1 revealed the walls

and floor of a large pit structure, interpreted as a kiva (Shelley 1992a, 1992b, 1992c).

The only dateable material recovered in 1 99 1 from the surface structure was a single large burnt

xvii



NORTHING
UTMs(100s)

3713

3712

3710 Fort Stanton Reservation Boundary

3708

3706

3704

3702

3700

3698

N

441 443 445 447 449 451 453 455 457 459 460

EASTING
UTMs(100s) PHV

UBI

LSR

LEGEND

Pithouse Village

Upper Bonito I

Lower Stanton Ruin

Figure 1. Rio Bonito Archaeological Project Area on Fort Stanton Reservation, Showing
Pithouse Village (LA 37452), Lower Stanton Ruin (LA 69102), and Upper Bonito I

(LA 84319).
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post (Shelley 1992a). Even though an attempt was been made to "tease" exterior rings from the post;

this attempt was only moderately successful. As a result, there was reason to doubt the accuracy of

the date. Radiocarbon dates retrieved in 1991 contradicted earlier chronometric information and

suggested that the pit structure and surface structure may not have been occupied contemporane-

ously and that the pit structure may have been built almost a century before the surface structures.

It is this discrepancy that formed the foundation for the Wilcox research (Chapter 6).

100N

80N

60N

40N

20N

-60E -40E -20E

Figure 3. Upper Bonito I (LA 84319) 1991 and 1995 Excavations.

Macrobotanical materials recovered from 1 99 1 excavations revealed a diet of mixed wild and

domestic plant foods (Holloway 1992; Shelley 1992a, 1992b). Charred remains of domesticated

corn (Zea mays) and beans (Phaseolus sp.) were recovered from the site, as were the remains of

goosefoot (Chenopodium) and cacti {Opuntia spp.). Other wild plant food remains recovered

from the site included charred shells of walnuts, acorns, and pinons. Interestingly, a majority of

the identifiable wood charcoal fragments were from pine and juniper with no charcoal or walnut

(Juglans) or oak (Quercus) being recovered. Where size and condition allowed for species iden-

tification, all pine charcoal was identified as Ponderosa (Holloway 1992). The pattern in charcoal

led Phillip H. Shelley to propose that the prehistoric inhabitants of Upper Bonito I had treated

food-providing trees with care and did not harvest them for fuel (Shelley 1992a, 1992b). Even

xx



though the 1991 field season shed additional light on the pit structure segment of the site, little

information (other than artifacts, dating materials, and macrobotanical remains) was recovered

from the suspected surface structures. On the next to last field day, however, evidence for a floor

surface was discovered in the northwest portion of Test Area 2.

In 1995, the northwest part of Test Area 2 was reopened and additional test units were established

(Figure 3). The intent of this activity was to recover additional information on site structure and to

retrieve charred annuals for radiocarbon dating. Part of the impetus for the 1 995 reinvestigation was

the result of the Wilcox study (Chapter 6), which suggested that despite the apparent disparity in

radiocarbon dates between the surface structure and the pit structure, no sedimentological or pedo-

logical evidence could be found to support this interpretation.

In 1995, a floor surface and a hearth feature were exposed in Test Area 2 (Figure 4). In addition,

portions of a pit-wall also were discovered. The structure appeared to have been a house in a pit.

Given the disturbance evidenced in the upper 20 cm of the site's surface, it was impossible to tell

how deep the pithouse may have been excavated prehistorically. Given the lack of surface depres-

sion and the shallowness of the floor from the modern surface (less than 50 cm on the average), the

prehistoric pithouse excavation probably was less than 1 meter. Several carbonized reeds (c.f.

Phragmites) were recovered from just above the floor surface. These reeds were submitted for

Accelerated Mass Spectrometry dating.

Two dates have been derived from the reed samples. These samples dated at 850 and 840 b.p.

radiocarbon years with a standard deviation of 50 years. The 13C adjusted and dendrochronolog-

ical calibrated ages for these dates are a.d. 1213 and a.d. 1215, respectively (the range is

a.d 1 157-1262). The results of these dates suggest the surface structure and the pit structure both

date into the late 1100s through the early 1200s. The early radiocarbon date acquired in 1993

(a.d 998) is currently believed to be from old or "dead wood," which does not accurately reflect

the time of use. The Tree Ring Laboratory at The University of Arizona could not date any of the

charred wood recovered from the site.

Lower Stanton Ruin (LA 69102)

Two summers (1988, 1993) of excavations were conducted at Lower Stanton Ruin. Limited

excavations were carried out at Lower Stanton Ruin (LA 69102) in 1988 (Shelley 1992a). Prior

to 1988, the site had been described as an adobe pueblo (Shelley 1991). The 1988 and 1993 exca-

vations indicated the site was highly disturbed from rodent activity and previous authorized and

unauthorized excavations (Shelley 1991; 1992a). The disturbance was so severe, that no clear indi-

cations of room size or construction could be delineated. A radiocarbon date recovered from Test

Unit 2 was determined from the outside rings of a post associated with the structural building

(Figure 5). Based on this information, the occupation of Lower Stanton Ruin dated to the early

fifteenth century.

In 1993, the entire field season was dedicated to excavations at Lower Stanton Ruin. In this field

season approximately 60 contiguous square meters were excavated on the site in an effort to retrieve

additional materials for dating and to recover artifacts and macrobotanical samples for analysis

XXI
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(Figure 5). These excavations did very little to reveal the nature of the construction or architecture

of the site. Even though an area of the site was selected for excavation that appeared to be the least

disturbed from the surface, no intact floors or walls were uncovered. Ample macrobotanical, arti-

factual, and dating materials, however, were recovered.

Figure 5. Lower Stanton Ruin (LA 9102) Excavation Units from 1988 and 1993.

Three additional radiocarbon assays were counted on charred materials recovered from the

1993 excavations. All material dated were charred twigs. The three assays yielded calibrated dates

of a.d. 1443, 1360, and 1410 (± 60 years). When these dates were considered in conjunction with

the earlier results, the data suggested the site was occupied from the middle of the fourteenth cen-

tury into the early part ofthe fifteenth century. This age assignation was supported to some degree

by the decorated ceramic assemblage from the site (see Chapter 8) and an archaeomagnetic assay

from the site. The Office of Archaeological Studies, Museum of New Mexico performed the

archaeomagnetic dating. The burned clay sample came from an oxidized area in the northeast

quadrant of the 1993 excavations. The sample did not meet the laboratory's criteria for an accept-

able age (i.e., it did not fall within the 95 percent confidence interval), however, its center point

suggested an age of ca. a.d. 1340 (Cox 1194).
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The macrobotanical samples retrieved from the 1 993 excavations provided information on the

prehistoric inhabitant's economy. A total of 33 samples was submitted to Quaternary Services

(Dr. Richard Holloway, Flagstaff, Arizona) for flotation analysis. The only domesticated plants

represented in the flotation samples were corn {Zea mays) kernels, cobs, and cupules. Other

domesticated plant parts represented in the flotation data included pinon and oak nutshells and

charred Chenopod seeds. As was the case at Upper Bonito I (LA 84319), the pine charcoal sam-

ples from Lower Stanton Ruin were almost exclusively Ponderosa Pine {pinus ponderosa). No

walnut {Juglans L.), pinon pine, or oak (Quercus) charcoal were recovered from the flotation samples.

Plate 1. Eastern New Mexico University Field School Students During the 1995

Excavation at the Rio Bonito Pithouse Village Site (LA 37452).

The lack of extensive domesticated plant food and the ubiquitous presence of wild nutshell

remains at Lower Stanton Ruin were believed to reflect the fact that the prehistoric inhabitants

may not have been as reliant on agriculture as is traditionally inferred. Such assertions fit well with

the results of McNally's comparative lithic analysis (Chapter 9) that indicate little differences

between the lithic technology evidenced at Lower Stanton Ruin and that evidenced in the Middle to

Late Archaic levels of Fresnal Rock Shelter.

As previously discussed, despite the extensive excavations at Lower Stanton Ruin, and given

the degree of disturbance at the site, site structure has been difficult to empirically reconstruct.

One possible configuration of the site's structure is shown in Figure 6. This reconstruction is

based upon topographic variation and field intuition, and is meant to provide a plausible architectural

plan for the site.
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Figure 6. Postulated Reconstruction of Lower Stanton Ruin (LA 69102).

Rio Bonito Pithouse Village Site (LA 3 7452)

Limited excavations were carried out at LA 37452 in 1988 (Plate 1; Shelley 1991, 1992a).

This part of the Fort Stanton Reservation had been used historically as a hay pasture and exhibits

a relatively flat surface with a diffuse artifact scatter. Even though Vierra and Lancaster (1987)

had reported the presence of pithouses on the south side of Highway 380, excavations in 1988

failed to reveal any structures in this area (Shelley 1991). Some carbonized wood, however, was

retrieved from subsurface cultural contexts and dated to the late tenth century a.d. This date was

in agreement with radiocarbon assays reported by Vierra and Lancaster (1987).

In 1995, additional archaeological investigations were initiated at the Rio Bonito Pithouse

Village site. The intent of these investigations was to attempt to test the area north of Highway 380

for the possible presence of additional pithouses. In an attempt to locate buried pithouses, an exten-

sive auguring strategy was developed (Figure 7). Hand-driven bucket augers were employed and

auguring was carried out to a depth of 3 m. Over 50 auger holes were excavated in a systematic

pattern in an attempt to locate buried features. In the field, the soils and sediments excavated by

auger were examined and described in detail on standardized forms. The results of the initial sys-

tematic set of auger holes were used to determine an area of intensive hand tool excavation.

These excavations were carried out 43-46 m (140-151 feet) west of the datum and 1-6 m
north of the baseline (Figure 7). These excavations exposed the floor and associated features of a

pit structure over 2 m below the present ground surface (Figure 8). One highly fragmented Alma

plain jar was recovered from the floor. Unfortunately, the structure was relatively devoid of
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artifactual remains and the flotation and radiocarbon samples retrieved from the structure were

not analyzed, due to financial constraints.

The Rio Bonito Archaeological Project was successful in elucidating several aspects of the

lives of the prehistoric inhabitants of the Fort Stanton Reservation. Paramount among the objec-

tives was the attainment of an extensive radiocarbon chronology with contextual documentation.

This chronology formed the basis for examining variation in brownware ceramics (Chapter 7),

decorated ceramics (Chapter 8), lithics (Chapter 9) and site formation and transformation process

(Chapter 6). In addition, the paleoenvironmental data, generated through an analysis of ancient

packrat middens, provided an environmental backdrop for investigating changes in prehistoric

lifeways along the Rio Bonito between the eighth and fifteenth centuries.

-Phillip H. Shelley
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Chapter 1

Introduction
Phillip H. Shelley

The Fort Stanton Reservation is located in the Sierra Blanca Region of south-central New Mexico

along the middle reaches of the Rio Bonito drainage. The land is owned by the United States

and managed by the Bureau of Land Management (BLM), Roswell District. Because ofBLM own-

ership and the use of the area for grazing research studies for over 20 years, the area has experienced

relatively minimal historic land modification and development. This is most unusual in this region,

which has experienced a substantial impact due to tourism, ranching, and recreation.

Fort Stanton was originally established 14 km (9 miles) northwest of Lincoln, New Mexico to

provide local settlers with protection from the Mescalero Apache (Gorney 1969:5). After the

Mescalero surrendered in 1896, the military reservation was no longer considered necessary and in

1 899 Fort Stanton was transferred to the Marine Hospital Service for use as a tuberculosis center for

merchant seamen (Gorney 1969:56). The fort also served as the first internment camp for Germans

during World War II (Anderson 1993; Gorney 1969:83). In 1953, a portion of the fort was transferred

to the New Mexico Department of Public Welfare and the remainder of the military reservation was

turned over to the BLM.

In 1987, the Rio Bonito Archaeological Project (RBAP) was established as a multi-year cooperative

research and teaching project between the New Mexico State Office of the BLM and Eastern New

Mexico University (ENMU) on the reservation land. The intent of the cooperative agreement was

three-fold: (1) to establish a scientific research and training program addressing questions of regional

significance; (2) to provide a variety of training experiences for undergraduate and graduate archaeol-

ogy students; and (3) to provide information to the BLM for planning and interpretive purposes. In

addition, the project provided research opportunities for graduate students (Aguila 1995;

Anderson 1993; Coleman 1991b; McNally 1995; Salzer 1992; Wilcox 1995). Over a total of four

field seasons (1988, 1991, 1993, and 1995), data was collected via excavations and surveys on the

Fort Stanton Reservation. The archaeological materials were analyzed, treated, and curated at

ENMU in Portales, New Mexico.

Theoretical Orientation

The Rio Bonito area had not been studied extensively prior to the initiation of the project.

Original investigations of the area by Mera (1943) and Lehmer (1948) were limited in scope and

primarily descriptive in nature. Historic and prehistoric sites located on the 69 km2
(27 nr) of land

encompassed by the military reservation had been relatively protected from extensive historic dis-

turbance, providing an excellent opportunity to examine prehistoric adaptations to the environment.

Given the pristine setting of the reservation and the advantages of multiple field seasons, the

RBAP developed a research design to develop questions and guide data collection (Shelley 1987).

1
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The original proposal (Shelley 1987) for the RBAP defined a contextual framework (Butzer 1982;

Hassan 1979; Schiffer 1976) for the multi-year research plan. The advantage of a contextual approach

is the ability to ".
. .transcend the traditional preoccupation with artifacts and with sites in isolation, to

arrive at a realistic appreciation of the environmental matrix and of its potential spatial, economic, and

social interactions with the settlement-subsistence system" (Butzer 1982:12). In this approach, the

relationship between the nature of the landscape and its utilization by prehistoric occupants is the

most important element. As the name implies, contextual archaeology emphasizes that the context

of archaeological materials in their environment (past and present) is as important as the content

of the materials (artifacts and features) in identifying and understanding ecological adaptations.

Thus, local depositional environments and prehistoric environmental evidence, as well as archaeo-

logical material guided data collection strategies.

The contextual framework established under the cooperative agreement identified six major

research questions to be addressed through the project:

1

)

What kinds of land-use patterns existed in the area prehistorically?

2) How did these patterns change over time?

3) Under what natural environmental conditions did various patterns exist?

4) In what type of social/demographic conditions did various patterns predominate?

5

)

What social, demographic and/or technological responses were selected in response to stress?

6) How successful were these responses in the short-term and the long-term?

The nature of these questions structured the field methodology for the project. In order to

define land-use patterns and changes through time, the number and type of sites existing in the

region had to be identified. A refined chronology was developed through radiocarbon dates and

other absolute dating methods, artifact associations, and cross-dating sites using ceramics and

other techniques. Information on past vegetation, hydrology, fauna, and weather trends was gathered

to answer questions about past environmental diversity and change. Because prehistoric people's

land-use patterns resulted from interactions with the natural environment and other social groups,

information had to be collected on local and regional exchange and contact.

The contextual framework required the generation of relevant assumptions from which specific

hypotheses could be generated. The specification of these antecedent conditions allows the

research to stay focused on the problems identified. Without these assumptions, the results of the

analyses and research become difficult to evaluate.

One of the most important assumptions, particularly in terms of field methods, is that the Rio

Bonito region was only minimally used prior to a.d. 900. Existing archaeological information sug-

gests that the most intense occupation of the area occurs between a.d. 900-1400 (Kelley 1984). This

assumption allows for efficient survey and testing of the area, as it was not necessary to discern the

nature or extent of settlement prior to a.d. 900. If earlier sites were identified, however, they were

to be recorded and examined appropriately.

The second assumption addresses prehistoric subsistence. During the majority of the prehis-

toric occupation of the area, subsistence was based on a mixed economy of horticulture, hunting

of wild game, and gathering of wild plants (Shelley 1992b, 1992c). The secondary assumption
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derived from this is that there are shifts in the intensity and nature of horticultural activity between

the periods of most active occupation. Stuart and Gauthier (1981) have suggested there may have

been qualitative and quantitative shifts in horticultural activity in the region between

a.d 900-1200, based on current settlement data. Research from the RBAP as to identification and

description of the nature and direction of such postulated subsistence changes.

Apparently, social interaction, as indicated by trade in nonperishable materials, is originally

oriented towards populations to the west and southwest of the Fort Stanton area (Shelley 1992a).

Later periods of occupation suggest that interaction may have shifted to the east, north, and north-

west. This is a basic assumption of the research design, which allows development of hypotheses

for use in artifact analyses (Chapter 8).

Environmental assumptions structured the collection and analyses on noncultural materials.

Regional environments are assumed to be quite variable during the most intense period of occu-

pation. Paleoenvironmental evidence from regions to the west and northwest of the study area

indicate a period of major drought between a.d. 900-1200.

Since the Pleistocene, the Rio Bonito has increased in a relatively deep and, in places, broad

canyon into San Andres limestones and Hondo sandstones. Dissection and erosion to the west and

northwest of the study area indicate declining conditions during the eleventh and twelfth centuries.

This change in sedimentological processes coincides with a decrease in available arable land and

concomitant decrease in human occupation (Shelley 1992b). These changes in landforms and

sediment deposition may be related to not only climatological processes, but prehistoric land-use

patterns as well.





Chapter 2

Project History
Phillip H. Shelley

The four field seasons on the Fort Stanton Reservation (1988, 991, 1993, and 1995) resulted in

a vast amount of data collection. While the long-term research goals remained constant

throughout the RBAP, each field season had a different focus and strategy. An historical summary

of the four field seasons provides a background for this report and the research findings.

1988 Field Season

Because several unknowns existed as to: (1) site complexity and intensity on the reservation,

and (2) the quality and quantity of paleoenvironmental locales, the first field season served as an

exploratory effort to guide the subsequent field seasons. Archaeological testing of previously

recorded sites limited archaeological survey and surveys for paleoenvironmental research areas

comprised the research efforts during the field school and BLM training activities of 1988. There

were several goals outlined for the first field season (Shelley 1987:9):

1

)

Survey a sample of the landscape concentrating efforts on bedrock exposures to identify,

describe, and possibly sample rock shelters, caves, and paleo-packrat middens;

2) Excavate a pithouse and clear some of the surrounding and intervening areas;

3) Excavate a room block of a surface pueblo and clear some of the surrounding and

intervening areas;

4) Carry out non-archaeological excavations of geomorphic surfaces;

5) Analyze artifacts, ethnobotanical remains, and possibly paleo-packrat middens; and

6) Secure absolute dates using a variety of chronometric dating techniques (including

radiocarbon, archaeomagnetic, dendrochronology, and/or obsidian hydration).

A total of 16 m2 of test excavations was completed on each of the three sites (Upper Bonito I,

Rio Bonito Pithouse Village, and Lower Stanton Ruin) in 1988. All three were structural sites

and appeared to have been the focus of domestic activities. This made them ideal localities for

investigating questions of cultural adaptation and change through time. The placement of test

units was judgmental for all three sites, based on the distribution of visible artifacts and features

on the surface.

Upper Bonito I (LA 843 19) is located approximately 120 m (400 feet) south of the Rio Bonito

at an elevation of approximately 2,000 m (6,500 feet) above mean sea level (amsl) (Shelley 1991).

The site occurs in a fluvial terrace at the interface of the terrace and the toe of an alluvial fan. The

modern vegetation surrounding the site consists of a juniper-grassland community with a few iso-

lated pines. The surficial archaeological materials include a large diffuse artifact scatter, including a

large depression and some scattered boulder concentrations (Figure 2). As mentioned earlier, Kelley

(1984:302) tentatively placed the site in the Lincoln phase, ca. a.d. 1200-1400. The site has been
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impacted by the construction of roads, off-road vehicles, and the construction of a water line. In

addition, evidence of unauthorized digging and rodent burrowing are visible.

Three areas of the site were selected for sampling in 1988: (1) the large depression, (2) the

boulder concentrations, and (3) an area between these features.

Test Unit 1 (TU 1 ) was a 1 m wide trench beginning outside the observed southern edge of

the depression and extending north across the depression toward the center (Figure 2). Alternating

1 x 1 m units were excavated within the trench. A total of five test units was excavated. An addi-

tional 2 x 2 m test excavation (TU 2) was placed in the area of boulder concentrations approximately

80 m (250 feet) north and 36 m (120 feet) east of the datum. Approximately 65 m (215 feet) north

and 18 m (60 feet) east of the datum, between the original test trench and TU 2, an additional 2 x 2 m
test unit was established (TU 3). Excavations were extended downward until sterile strata were

reached in all units except the northernmost three units of the test trench. Excavations in the test

trench were discontinued due to the completion of the field season. As on the other two sites tested,

all test units were lined with polypropylene sheets prior to back-filling.

The Rio Bonito Pithouse Village site is situated on the east side of the Rio Bonito drainage at

approximately 1,540 m (5,050 feet) amsl. The area had been cleared of trees and used as pasture

land during the historic occupation of Fort Stanton, resulting in significant surface disturbance of

prehistoric cultural materials. The site is roughly 0.7 km (0.5 miles) west and slightly below the

Lower Stanton Ruin. Due to the lack of visible features, archaeological survey was conducted to

identify areas for possible test excavation.

Based on the concentrations and patterning of artifacts, two areas were selected for testing.

Because of the nature of the pit structures and the difficulty in locating and defining the extent of

such structures in penetrating excavations, the shape of these test units shifted from square to rec-

tangular. A total area of 4 nr (43 feet
2

) was excavated at the site in 1988.

Test Trench 1 (TT 1) was placed in an area with a high density of artifactual. An additional

area was selected for testing (TT 2) because there was a diffuse scatter of artifacts within an area

roughly circular in shape. In both instances, trenches were oriented so as to bisect the area of

interest. No subsurface features were uncovered in either test unit and only a moderate amount of

cultural materials were recovered. The maximum depth of these two trenches was 1.2 m.

The Lower Stanton Ruin is located near the edge of an alluvial fan on the south side of the Rio

Bonito drainage at an approximate elevation of 1,844 m (6,050 feet) amsl. The site is in a grassy

clearing surrounded by juniper trees {Juniperus monosperma). The remains of several adobe surface

structures are present, although prior archaeological investigations and pot hunting has disturbed

them significantly. Aerial maps and on-site mapping activities suggest that the site was somewhat

"U" shaped with the open section facing north, toward the Rio Bonito drainage (Plate 2).

Two test units, measuring 2 x 2 m were placed on the site. These excavation areas were select-

ed judgmentally on the basis of surface distributions of cultural materials. TU 1 was placed at

what was believed to be the south end of the pueblo in an area that appeared to be relatively intact.

The surface of TU 2 was covered by sheet trash north of the rubble remnants of the pueblo.

This area also appeared to be relatively free from disturbance.
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Plate 2. Oblique View of Lower Stanton Ruin (LA69102).

Excavations of the test units revealed extensive disturbance of subsurface deposits. A majori-

ty of this disturbance was the result of rodent burrowing. Rodent habitation and concomitant surface

disturbance may have been enhanced by previous excavation and loosening of the solum. This

activity had churned and mixed sediments and artifacts, as well as breached wall remnants.

An area of approximately 45 ha (110 acres) was surveyed (hatched area in Figure 9) in an

effort to establish test excavation locations on Rio Bonito Pithouse Village. Students and staff

walked parallel lines, on 5 m centers for 100 percent coverage of the surface. All artifacts were

pin-flagged and recorded with a Lietz/Sokisha total data station. The results of this survey were

utilized to determine test unit locations.

Additional archaeological surveys conducted during the 1988 field season included reconnai-

sance of a possible lithic source area and a multi-component site proposed for impact by the

BLM. No archaeological collections were made of these two survey areas, although unmodified

raw material samples were collected from the possible source area (Shelley 1991 ).

1991 Field Season

The 1991 field season concentrated efforts on the excavation of Upper Bonito I. While the

1988 field season recovered a large sample of artifacts and charcoal for radiocarbon dating from

the site, it did not provide adequate information on structures and macrobotanical remains.

Therefore, additional excavations were carried out at Upper Bonito I. In addition to this activity,
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Figure 9. Area of LA37452 Survey in 1988 (Adapted from USGS 7.5 minute series Capitan Pass, NM).
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an archaeological survey of the northwestern highlands was conducted to determine the extent of

archaeological materials on the reservation.

The 1991 excavations at Upper Bonito I extended one test area from the previous field season

and also investigated new areas of the site. In the 1988 Test Area (TA) 1, additional excavations

using 2 x 2 m units were conducted to further investigate the surface depression. An additional test

unit was placed in a boulder concentration approximately 44 m (145 feet) west-northwest ofTA 1

.

The unit, TA 2-1991, consisted of contiguous 2 x 2 m units (Figure 3). A total of 25 m2 (270 feet
2

)

was excavated from this new area.

In addition to work at Upper Bonito I, the 1991 field season undertook a limited archaeological

survey of the northwestern highlands of the reservation. As in the prior field season, the archaeo-

logical survey consisted of traditional pedestrian transects. All archaeological materials were

mapped and recorded using Laboratory of Anthropology (LA) and New Mexico Cultural Resource

Inventory System (NMCRIS) forms.

1993 Field Season

During the third field season, excavation activities concentrated on the Lower Stanton Ruin.

No formal archaeological survey was conducted during this time, although an inspection of pre-

viously recorded sites was undertaken for the preparation of a Cultural Resources Management

Plan (Kilby and McNally 1994).

A total of 61 m2 (657 feet
2

) was excavated at the Lower Stanton Ruin during the field season.

A series of 2 x 2 m units arranged in a rough "L" shape was placed across the site (Figure 5).

Fourteen 2 x 2 m units, two 1 x 1 m units, and one 1 x 1 m unit were excavated to identify the

extent of the cultural features present at the Lower Stanton Ruin.

1995 Field Season

In the final field season of the RBAP, activities focused on data collection to clarify the

chronological and functional relationships of the archaeological sites investigated in the previous

field season. In addition to expanded archaeological investigations at Upper Bonito I and Rio

Bonito Pithouse Village, geoarchaeological studies and a probability-based pedestrian survey of

the reservation were conducted (Plate 3).

In an effort to clarify the spatial relationships between two distinct activity loci (TA 1-91 [a kiva]

and TA 1-95 [a semi-subterranean structure]) at Upper Bonito I, limited excavation was conducted

in the vicinity of a swale discovered in 1991 (Figure 3). This shallow depression was originally

interpreted as an exterior storage pit or possible structure. The radiocarbon sample derived from

this structure suggested a hiatus between the use of this activity area and the large pit depression

located on the site (Shelley 1992a; Wilcox 1995). Geoarchaeological (Wilcox 1995) and ceramic

(Aguila 1995) data, however, did not support the interpretations developed from radiocarbon

dates. Therefore, re-excavation of the site was undertaken in an effort to retrieve more dateable

materials and additional structural information.
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Plate 3. Eastern New Mexico University Field School Students Backfilling at the Rio Bonito

Pithouse Village Site (LA37452).

In 1995, activities at the Rio Bonito Pithouse Village consisted of an intensive augering pro-

gram to determine the extent of the earliest prehistoric community known in the area (Figure 7).

Initial mapping and testing of the site area south of Highway 380 in 1988 failed to document the

extent of the community (Shelley 1992a). An area of artifact scatter was gridded in 5 x 5 m units.

Auger holes were then placed at every grid intercept. These holes were augered to approximately

3 m in depth and sediment characteristics were recorded.

Summary

This brief project history detailed the chronology of investigations during the RBAP. It also

demonstrated the unique nature of this multi-year project. While the season fieldwork seemed

quite variable, the basic long-term goals of the project remained stable.
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Chapter 3

Methods
Phillip H. Shelley

The RBAP was established as a research and training program that utilized traditional archaeo-

logical field school methods to address questions of regional significance within a scientific

program. Due to the nature of the research goals, standard excavation of archaeological sites would

not provide adequate information to evaluate the questions of interest. Therefore, pedestrian

archaeological surveys were conducted and paleoenvironmental data was collected. In addition,

excavations at three sites on the reservation were performed.

Archaeological Excavations

All archaeological sites were excavated using traditional techniques as described in Hester,

Heizer and Graham (1975) and Sharer and Ashmore (1987). Test trenches of various sizes were

placed across potential sites, and standard archaeological units were excavated using hand tools.

Permanent brass capped datums were established at all archaeological sites and coordinates of test

units, features, and collected artifacts were recorded in relation to the datums. The datums were

triangulated to other cultural or natural permanent features to ensure that their original position

could be established if they were disturbed. A Lietz/Sokisha total station theodolite equipped with

an electronic distance meter and electronic field notebook was used for creating topographic and

planimetric maps of the sites.

Test units were mapped horizontally and vertically in relationship to the brass capped datums.

Stratigraphic profiles were made of all test units and described in terms of texture, color, carbonate,

and organic content. Depending on depositional environment, excavation was conducted in natural

or arbitrary levels. Excavation information was collected using standardized archaeological data

forms to ensure continuity in the multi-year project. Additional documentation was accomplished

through photography, with accompanying photo data forms. Artifacts and collected samples were

field labeled using standardized methods (i.e., site number/name, provenience information, date,

collector, and general comments). Special materials—such as dating samples and perishables-

received extra attention to ensure minimum damage and/or chance contamination. Fill materials

from the excavations were sifted through %-inch hardware mesh and, when necessary, water was

screened through finer mesh screens. Upon completion of excavations and mapping activities, all

units were backfilled in a manner that would facilitate future reexcavations and investigations

(Plate 4).

In addition to the collection of artifacts and dating samples, Constant Volume Samples (CVS)

of sediments were collected from features, floors, and strata when deemed appropriate. These

samples were collected for ethnobotanical, micropaleontological, and sedimentological analyses.

11
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Plate 4. Eastern New Mexico University Field School Students Backfilling at the Rio Bonito

Pithouse Village Site (LA 37452).

These samples were labeled and recorded in a manner similar to the procedures for cultural materials.

In all field seasons, staff and students maintained field journals detailing their work. Artifacts,

ecofacts, and dating materials were lab processed in the field. This entailed cataloging, initial

analysis, and preliminary preservation. Data was input into a database management program to

facilitate later analyses.

Post-field season activities included curation activities and analyses. All materials collected

during the field season were cataloged, packaged and stored at the ENMU Curation Facility.

Radiocarbon dates were obtained through Beta Analytic Labs in Coral Gables, Florida.

Specialized analyses were sent out to the appropriate experts, or conducted within the anthropology

department at ENMU. Some of the analyses at ENMU formed the basis for graduate students' theses

research, as originally planned under the cooperative agreement.

Selection ofExcavation Areas

In consultation with regional BLM archaeologists and management, two sites were initially

identified as appropriate targets for the first field season of 1988. One of these sites was identified

as Upper Bonito I (LA 84319) by Jelinek (1952:148). Based on the ceramic sample recovered from

the site, Jelinek (1952: 1 50) assigned the occupation to the Three Rivers phase with an estimated age

of a.d. 1 100 (Plate 5). The other site selected for investigation, the Rio Bonito Pithouse Village

12
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site (LA 37452), was partially excavated by the University of New Mexico in 1983 and 1984

(Vierra and Lancaster 1987). Artifact and radiocarbon analysis indicated an Early Glencoe or

Corona phase occupation dating between a.d. 1031-1099 (Vierra and Lancaster 1987:45).

Plate 5. Rock-lined hearth in Test Trench 2, Upper Bonito I (LA 84319)

After the field season was underway, mapping of the area around the Rio Bonito Pithouse

Village site led to the decision to expand excavation activity to the Lower Stanton Ruin (Shelley

1987: 12). The University ofNew Mexico had conducted a field school at the Lower Stanton Ruin

(LA 69102) in the mid-1960s with Dr. Paul Reiter supervising. Unfortunately, no notes, maps,

photographs, reports, or analyses were available from these excavations. As a result of these

archaeological investigations and subsequent looting, the site surface was significantly disturbed.

An amendment to the 1988 research proposal led to systematic testing of the site (Shelley 1987).

These three sites became the focus of the RBAP's excavation activities throughout the duration

of the project. While the sampling for the selection of excavation areas was judgmental in nature.

the three sites covered a broad temporal span ranging between approximately a.d. 900-1400

(Aguila 1995). Therefore, they provided a strong foundation for evaluating the research questions

proposed in the original research design.

13
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Survey

In order to define land-use patterns and temporal changes in these patterns, survey information

was collected on the number and variety of sites on the reservation. Because the reservation was

an arbitrarily defined recent geopolitical entity, the cooperative agreement recognized and allowed

for data collection outside the reservation's boundaries when necessary. The scope and methodolo-

gy of the archaeological surveys varied throughout the project. Such an approach would accommodate

various research goals. The basic methods for survey remained the same, however.

The archaeological surveys of the RBAP were conducted following close interval pedestrian

techniques. New Mexico LA forms were utilized to record archaeological sites and isolated

objects, in accordance with federal regulations. Sites were photographed and samples of diagnostic

materials were collected from these sites where appropriate. Collected samples were handled and

analyzed following the same procedures as described for excavated materials.

Additional activities related to surveying included identification of lithic raw material sources

and potential packrat middens for paleoenvironmental studies. These were more or less informal

surveys conducted as part of the archaeological investigations. An extensive augering program

was conducted during the field seasons of 1995 to locate additional structures and determine the

presence of subsurface materials.

Analysis

During all field seasons, in-field artifact analysis was conducted as part of the training pro-

gram. Basic attribute data on lithics and ceramics were collected, while human remains, faunal

remains, soil samples, and botanical material were examined by specialists. The following

descriptions of analysis should not to be confused with the more detailed investigations discussed

in later Chapters.

Lithics

All collected stone artifacts were analyzed using a standard analytical framework. These

observations were then input and manipulated in D-BASE II and REFLEX programs. Research

information included raw material types, technological/morphological class, and count. All lithic

analyses were carried out by anthropology graduate and undergraduates under Dr. Shelley's

supervision (Plate 6).

Ceramics

All collected ceramic artifacts were analyzed using a standard analytic framework. As with

the lithic materials, the ceramic data were input into computer database programs. The ceramics

were typed following existing southeast and south-central New Mexico ceramic typologies

(Plate 6). Ceramic analysis was carried out by Phillip H.Shelley, Marc Thompson, Maria Teresa

Gracia, Reggie Wiseman, Matthew Salzer, Tony Laumbaugh, and specialists affiliated with

Human Systems Research.
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Plate 6. Lower Stanton Ruin (LA 69102) Artifacts:

a) stone pipe stem; b) ceramic pipe stem; c-f) broken corner-notched

projectile points. Note intentional notching in Specimen c. Notching in

d is due to breakage.

Human Remains

One partial human skeleton was recovered during the 1988 field season. These remains were

described, aged, and sexed by Phillip H.Shelley in consultation with Dr. George Agogino,

Distinguished Research Professor in Anthropology.

Botanical Information

Dr. Richard Holloway supervised the collection of modem botanical reference materials and

observations from the research area. These collections included the Releve method for estimating

the percentage of vegetation cover and information on modern plant communities. Based on this

information, modern surficial pollen samples and comparative botanical samples were collected

(Shelley 1991:Part 2 pp. 1-5). The comparative botanical materials were pressed in the field and

mounted and vouchered by Holloway during fall 1988 and spring 1989. Holloway also complet-

ed the analysis of the Releve and modern pollen sample data in the summer and fall of 1990.

Richard Coleman collected paleoenvironmental data in the conducted detailed analyses ofmodem

and paleo-packrat middens.
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Soils and Sediments

Soil and/or sediment descriptions were made using representative profiles either from test unit

walls or cleaned natural exposures by Shelley and Wilcox (Shelley 1991). All description was done

in standardized format following established soil science techniques (Soil Service Staff 1975).

Faunal Remains

While faunal remains were not plentiful and extremely fragmented, they were analyzed by

Phillip H. Shelley and others where possible. Analysis included identification of skeletal elements,

observations on human modification (i.e., burning, spiral fracturing, shaping, etc.), side, portion

present, count, genus, and/or species assignment.
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Chapter 4

The Sierra Blanca Region
Lourdes Aguila, Elizabeth McNally

and Phillip H. Shelley

Physiography and Environment

The Sierra Blanca Region of south-central New Mexico, as defined by Kelley (1984), com-

prises a territory of approximately 270 km2 (104 miles 2

). Its area extends from near Corona

on the north to the edge of the Tularosa Basin on the south, and from the slopes of the Sierra

Blanca on the west to the eastern end of the Capitan Mountains (Figure 10).

The region exhibits a wide range of topographical and environmental variation. Prominent

land masses include the Gallinas, Jicarilla, Capitan, and Sierra Blanca Mountains. The tablelands

of Chupadera Mesa rise to the north, and the malpais lowlands extend from Carrizozo south to the

Tularosa Valley. The wide expanse of the Pecos Valley and the High Plains lie to the east.

The region is watered by a number of perennial and intermittent streams. The western section

of the Sierra Blanca drains into the Carrizozo, Tularosa, and Jornada del Muerto Basins, while the

eastern part drains into the Pecos Valley by way of the Rio Hondo and its tributaries. A number

of springs are located throughout the mountains, some of which provide potable water. Because

of the underlying limestone characterizing most of the area, the mineral content of both stream

and spring water is generally high (Kelley 1984:4).

Precipitation, both in the form of rainfall and snow moisture, corresponds closely to elevation.

In the lower elevations, years with more than 76 cm (30 inches) of precipitation are rare (Kelley

1984:3). The Jicarilla and Capitan mountain ranges are reportedly somewhat more xeric than the

Sierra Blanca, partly due to their location in the rain shadow of the higher landmass to the south

(Martin 1964).

Average elevation ranges between 1,544-2,134 m (5,066-7,001 feet) amsl. The highest point

in the area is Sierra Blanca Peak at 3,658.5 m (12,003 feet), giving a total relief for the area of

over 2.4 km (1.49 miles). The lowest elevations are found in the Tularosa Valley, where the average

elevation is 1,280 m (5,000 feet).

Geology and Geomorphology

Rocks of nearly every system are present in the Sierra Blanca Region. The most extensive

strata are the San Andres and Yeso formations of Permian-Guadalupe age, which surface in

approximately 75 percent of the area's lowest elevations (Kelley and Thompson 1964).

Cretaceous Dakota sandstone, Mancos shale, and Mesa Verde formation beds underlie nearly 300

km2
(116 m2

) in the central portion of the region, including the study area. A lesser area of Late
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The Sierra Blanca Region

Cretaceous Paleocene Cub Mountain/McRae formation continental sediments, and middle

Tertiary bedded volcanic breccias and flows occupies the base and high ridges of the Sierra

Blanca (Bushnell 1953; Kelley and Silver 1952; Kelley and Thompson 1964).

Igneous rocks are most abundant in the higher elevations, which are characterized by abun-

dant laccoliths, stocks, dikes, and sills of various compositions and textures. These features

intrude Cub Mountain sediments and older Mesozoic rocks, as well as the Sierra Blanca

Volcanics. The sills are dominantly diabasic (an altered form of basalt), but the stocks and laccol-

iths are commonly syenitic, monzonitic, and intrusions of rhyolite. Latite, trachyte, and phonolites

also occur. Dikes are numerous and occur in swarms ofcomposite and multiple associations, especially

around the large Sierra Blanca stocks (Kelley and Thompson 1964).

Capitan Mountain has a different geologic origin from the rest of the range. It is a laccolith,

formed by magma spread out under the San Andres Limestone (Allen and Kottlowski 1981). Most

of the limestone has eroded off the crest, exposing the igneous core.

In the Capitan area, 60 to 70 percent of the dikes are mafic in composition, and sills tend to

be predominantly rhyolitic or latitic (Kelley and Thompson 1964). The extreme gradient of the

upper elevations of Capitan Mountain has created a network of arroyos that deposit eroded mate-

rials in overlapping outwash fans. These fans form a wide band of alluvial soil that is significant

to prehistoric farmers (Kelley 1984:35-36).

Surrounding the mountains and sloping down into the Bonito Valley are rolling uplands ranging

from 1,829-2,134 m (6,000-7,001 feet) amsl (Kilby and McNally 1994:2). These are composed of

gypsum and limestone outcrops of the Yeso formation, and of sandstone and conglomerates of the

Abo formation (Kilby and McNally 1994:2). Caves and rockshelters are common along these out-

crops (Shelley 1992b).

Siliceous rocks such as quartz, quartzite, and chert are found as pebbles in Glorieta sandstone,

Santa Rosa conglomerate, and the Chinle formation (Kelley 1984:2). Farwell and his colleagues

(1992:6) report chert sources from the Cub formation near Crockett and Mancos shale near

Carrizo Peak, as well as chert cobbles along the Rio Bonito. Chalcedony is known to be available

locally and in the surrounding areas (Aguila and Giacobbe 1994; Shelley 1991). Silicified black

shale beds, some of which have been mined prehistorically, are abundant at higher elevations and

in cut valleys (Kelley 1984:2).

Flora and Fauna

The Sierra Blanca Region occupies several elevational zones, each characterized by specific

plant and animal associations. These include a relatively small desert grassland area (up to 1,829 m
[6,001 feet]); a pinon-juniper zone (to 2,195 m [7,200 feet]); a transition zone (to 2,743 m [9,000

feet]); a spruce-fir zone (to 3,414 m [1 1,200 feet]); and an alpine-subalpine association at the

highest elevations of Sierra Blanca Peak.

The desert-grassland association, though almost treeless, supports a number of important

shrub species, including creosote bush {Larrea tridentata), soapweed yucca {Yucca elata), joint-

fir (Ephedra torreyana), several Acacia species, honey mesquite {Prosopis glandulosa),
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snakeweed (Gutierrezia sarothrae), tarbush (Flourensia cernua), and succulents of the genus

Opuntia. In addition, many herbaceous plants and grasses, some of which might have been poten-

tially useful prehistorically as food and medicinal sources, represent much of the vegetational cover.

The faunal assemblage is characterized by reptiles and several species of rodents, including pocket

mouse (Perognathus), desert cottontail (Sylvilagus audubonni), black-tailed jack rabbit (Lepus cali-

fornicus), and hog-nosed skunk {Conepatus leuconotus). The pinon-juniper association includes, in

addition to grass and shrub cover, some arborescent forms. The prevailing low-tree forms are one-

seed juniper and other Juniperus species, and pinon (Pinus edulis). Rocky canyons and hillsides

support trees of the genus Quercus. Riparian flora includes walnut {Juglans spp.), maple {Acer

spp.), Osage orange (Madura pomifera), and cottonwood (Populus spp.). Fauna is diverse, and

represented by the kit fox ( Vulpes velox), coyote (Canis latrans), bobcat (Lynx rufus), and a num-

ber of rodents including squirrel (Citellus), kangaroo rat (Dipodomys), and woodrat (Neotoma).

In the transitional zone, tree species become major features of the vegetation. Juniperus and

Quercus are common, as is Ponderosa pine (Pinus ponderosa), a valuable timber tree. The upper

limits of the association are characterized by Douglas fir (Pseudotsuga taxifolia), white fir (Abies

concolor), chokecherry (Prunus spp.), and western black walnut (Juglans major). Riparian habi-

tats are characterized by narrow-leaved cottonwood (Populus angustijlora), and several varieties of

maple (Acer spp.). Shrubs, shade-loving herbaceous plants, and herbs also occur in this association.

Fewer species of grasses (e.g., Muhlenbergia, Aristida, Poa, and Carex spp.) take on increased

importance. The floral diversity provides many habitats for a diversified faunal population which

includes the Mexican vole (Microtus mexicanus), porcupine (Erethizon dorsatum), mule deer

(Odocoileus hemionus), white-tailed deer (Odocoileus virginianus), mountain lion (Felis concolor),

raccoon (Procyon lotor), and black bear (Ursus americanus).

The spruce-fir association is dominated by Douglas and white fir in the lower levels, and by

spruce (Picea spp.) and limber pine (Pinus flexilis) at higher levels. Riparian vegetation includes

maple (Acer spp.), willow (Salix L.), cottonwood (Populus), and alder (Alnus spp.). Areas of

dense tree cover are populated by shade-tolerant shrubs (e.g., currant [Ribes] and elderberry

[Sambucus spp.j and herbs, including parsnip (Pseudocymopterus montanus), wild strawberry

(Fragaria bracteata), and valerian (Valeriana acutiloba). Animals present in this association

include those species common to the lower elevations and the dusky shrew (Sorex vagrans).

The alpine association occurs only in a small area of Sierra Blanca Peak. Plant species include

arctic willow (Salix petrophila), campion (Silene spp.), gentian (Gentiana strictiflora), and rushes

and sedges of the genera Luzula and Carex.

The Fort Stanton Reservation

The BLM Fort Stanton Reservation is located in the central Sierra Blanca Region, in south-

west Lincoln County, New Mexico. North to northeast, the area is bordered by the peaks of the

Carrizo, Patos, and Capitan Mountains; on the east and south by the edges of the Sacramento and

Guadalupe Ranges; and on the west by the Sierra Blanca.
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The Fort Stanton Reservation is part of the Upper Sonoran life zone. The area is characterized

by a pinon-juniper-oak woodland on the mountain slopes, xeric shrubs and grasses underlain by

alluvium on the valley terraces, and associated floodplain vegetation along the Rio Bonito itself

(Lebgue and Alfred 1985).

The Rio Bonito Valley is filled with pediment, limestone gravel fans, and Quaternary valley

alluvium. In the study area, the river is well entrenched with moderate terraces along the valley,

and is characterized by an intrusive riparian habitat (Shelley 1992a:2).

From its origins on the eastern slopes of the Sierra Blanca, the Rio Bonito runs in an easterly

direction, bisecting the Fort Stanton Reservation and joining the Rio Ruidoso to the south. The

Rio Bonito is fed by several small, intermittent arroyos that drain the surrounding hills. It is one

of the area's principal drainages, providing an erratic but perennial flow in all but the driest of

years (Driver 1990; Farwell et al. 1992; Sprankle 1983). The geomorphology of the area shows

evidence of repeated past flooding of the Rio Bonito Valley, and suggests that the river channel

has shifted in the past (Shelley 1992a:2).

Temperature and precipitation vary with local topography. The upper Rio Bonito Valley receives

among the highest amounts of annual precipitation in the state, much of it in the form of torrents from

summer thunderstorms (Farwell et al. 1992:9). In general, local weather conditions provide adequate

amounts of precipitation and a marginal number of frost-free days (Kilby and McNally 1994:5).

Local soils include Dioxice Loam, Pena-Dioxice Loam, Hightower Variant, Romine Gravelly

Loam, and Manzano Loam (Coleman 1991b:7; Sprankle 1983). These soils are relatively pro-

ductive on slopes of less than 5 degrees (Kilby and McNally 1994). Due to the steep gradients and

precipitous slopes that characterize the region, however, most area soils tend to be shallow (Kelley

1984:5).

Areas of deep, unconsolidated material found in the Jornada del Muerto have been exploited

agriculturally only when water was available (Kelley 1984). Surveys of the study area (e.g.,

Farwell et al. 1992; Shelley 1991, 1992a; Vierra and Lancaster 1987) have so far failed to discover

evidence of prehistoric irrigation. For the prehistoric occupants of the valley, however, the Rio

Bonito provided not only a relatively permanent source of potable water, but might also have been

used to "pot water" horticultural plants (Kilby and McNally 1994:6).

Area ceramic resources include both brown and white clays, and ores used in the manufacture

of black glazes. Other resources include chalk, azurite, malachite, galena, and red and yellow iron

oxides (Browne 1993; Farwell et al. 1992). Caches of quartz crystals, amethyst, and micaceous

schist reported by Kelley suggest that at least some valued resources might have been difficult to

obtain prehistorically (1984:3).

Paleoenvironment

Paleoenvironmental reconstruction of the Fort Stanton area was carried out by the RBAP
through sampling of modem vegetation stands and analysis of pollen grains recovered from fos-

sil woodrat middens. These data provide a means to reconstruct the past environmental conditions

of the local region.
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Holloway (1991) examined 37 modern vegetation stands on the reservation. These samples

were examined and described using established techniques (Mueller-Dombois and Ellenberg

1974). Pollen samples from the surface of these stands was collected and analyzed. The average

pollen proportions for selected taxa by community type are displayed in Figure 1 1. These data

provide an analog for understanding the fossil pollen assemblage.

Eight "amberized'
1

woodrat middens have been dated and analyzed. These middens span the

period from about 1800 B.C. to the mid-A.D. 1600s (Table 1). Although the early and middle por-

tions of this period are not well-represented, a more continuous record has been collected from

the period between a.d. 1200 and the mid- 1600s. All of the middens contained large amounts of

pollen. Concentration values for individual middens range from 5000 grains per gram to an

astounding 95,000 grains per gram. The relative frequencies of all pollen taxa recovered from the

midden samples are shown in Figure 12. Comparison of fossil pollen frequencies with those from

modem pollen samples reveals interesting trends.

Table 1. Results of Woodrat Midden Radiometric Analyses, Rio Bonito Archaeological Project

^C Adjusted Calibrated Age Range
Sample No. 14C Years BP Mean Age (1-Sigma)

RB01 260 ± 90 A.D. 1648 A.D. 1494-1955

RB07 320 ± 80 A.D. 1525 A.D. 1450-1653

RB03 500 ± 80 A.D. 1422 A.D. 1329-1444

RB04 700 ± 70 A.D. 1280 A.D. 1260-1385

RB02 770 ± 140 A.D. 1261 A.D. 1069-1385

RB10 1120 ±60 A.D. 898 A.D. 782-987

RB06 3240 ± 100 1518 B.C. 1684-1416 B.C.

RB05 3540 ± 100 1885 B.C. 2031-1740 B.C.

By ca. a.d. 900, the area appears to have supported a pinon-juniper woodland with a strong

grass component (compare the pollen frequencies of Figure 12 with those of modem pinon-

juniper communities in Figure 1 1). The absence, or scarcity, of other taxa suggests a stable envi-

ronment dominated by these three taxa prior to the first intensive occupation of the area. By ca.

a.d. 1200, the paleoclimatic record shows an increase in Pinus pollen, which may indicate slight-

ly more moist local conditions (Hall 1985). The likelihood of this interpretation is strengthened

by the increase in Acer and Quercus taxa. The fossil pollen sample for the mid- 1200s supports

an interpretation of continuing relatively mesic conditions in the area. The comparatively high fre-

quencies of Pinus, Acer, and Quercus taxa support this interpretation. Increased frequencies of

Cheno-ams and high-spine Asteraceae at this time appear to contradict the interpretation of mesic

conditions; however, the lack of low-spine Asteraceae and Artemesia strongly suggests that the

rise in high-spines and Cheno-ams reflects human disturbance—possibly horticultural activities

—

rather than a decrease in local precipitation.

By the late 1200s, corn (Zea mays) pollen appears in the fossil pollen record for the first time

(Coleman 1991a: 18). At this time the riverine community appears to be relatively well established,

as indicated by the presence of willow (Salix L.), cottonwood (Populus L.), and an increase in oak
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{Quercus) pollen. At the same time, however, the decrease in Pinus pollen may reflect the onset

of dry conditions affecting the vegetation communities on the ridges.

By a.d. 1422, the area may have become more xeric. This interpretation is based on the sub-

stantial decrease in juniper pollen. Alternatively, the drop in juniper pollen may indicate local

deforestation as a result of around 500 years of human occupation. The valley bottom apparently

continued to support a rich riparian community, as indicated by the steady frequencies of maple

{Acer spp.) and oak {Quercus), an increase in willow {Salix L.), and the appearance of walnut

{Juglans L.) pollen.

In the 1500s, the postabandonment record indicates a relatively local situation. Kilby and

McNally (1994:12) suggest that both weather conditions and local land-use patterns might have

contributed to decreased horticultural productivity and reduced fuel supplies by the end of the fif-

teenth century, possibly triggering the prehistoric abandonment of the area. This interpretation is

based on the decrease in pollen concentration values in almost every taxon. A similar dry period

has been noted at the nearby Garnsey Bison Kill site (Hall 1984). The dry period appears to have

ended by a.d. 1648.
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Chapter 5

Prehistory and Chronology
Phillip H. Shelley

Introduction

The project area is part of what is known as the Jornada branch of the Mogollon Culture

(Lehmer 1948). The people of Jornada Mogollon are described as living in semi-sedentary to

sedentary groups who practice horticulture and maintain trade or other ties with the Mimbres

branch of the Mogollon, as well as with various Puebloid groups to the north and west, and with

northern Mexico (Kelley 1984; Kilby and McNally 1994; Lehmer 1948; Wiseman 1975).

Regional chronologies describing the cultural sequence of the Jornada Mogollon have been

devised or revised by Jelinek (1967), Kelley (1984), Lehmer (1948), and Whalen (1980) among

others. What follows is a brief overview of the regional prehistory and a simplified chronology

for the project area (Kelley 1984; chiefly after Lehmer 1948).

Paleoindian Period (11,000-5000 B.C.)

The Paleoindian period (11,000-5000 B.C.) represents the earliest documented human occu-

pation in the New World. The Paleoindian lifeway is characterized by the presence of nomadic

groups practicing a specialized subsistence strategy based on the hunting of Pleistocene megafauna,

such as Mammuthus spp. and Bison antiquus, and other generalized hunting and gathering

(Cordell 1984).

No Paleoindian sites are recorded in the project area. In the Tularosa Basin, sites attributed to

the Paleoindian period are limited to the southern end, at elevations of less than 1,524 m (5,000 feet)

amsl (Brett 1986:8).

Archaic Period (5500 b.c.-a.d. 400)

The Archaic period (5500 b.c.-a.d. 400) is characterized by changes in temperature and rain-

fall regimes that required more generalized adaptations. Archaic subsistence strategies emphasize

the gathering of wild plant resources in different elevational zones (transhumance) and the imple-

mentation of seasonal rounds. This pattern of subsistence led to seasonal sedentism and the estab-

lishment of pithouse villages (Wimberly and Rogers 1977).

The gradual increase of sedentism was encouraged by the adoption of horticulture by Archaic

populations, possibly as a response to the effect of climatic change on local ecozones. Maize has

been documented in the area as early as 2000 B.C. (Moots 1990; Wimberly and Rogers 1977;

Woodbury and Zubrow 1979).

Recorded Archaic sites in the project area are rare. Documented sites suggest occupation of

the area as early as 6000 B.C. (Higgins 1984).
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Hueco Phase (a.d. 300-900)

The Hueco phase (a.d. 300-900) is defined as the cultural sequence which underlies the

development of the Formative Jornada Mogollon (Lehmer 1948). Although the nature and deriva-

tion of the Hueco phase have been the subject of differing interpretations, it is generally understood

as a preceramic development, and to pre-date the establishment of pithouses.

Formative Period

The Formative period extends from a.d. 900-1400. Three phases (Mesilla, Glencoe, and

Lincoln) comprise this period.

Mesilla Phase (A.D. 900-1100)

Mesilla phase (a.d. 900-1 100) is characterized by small, seasonal pithouse villages located in

the desert grasslands of the southern Jornada Mogollon region (Lehmer 1948). Mesilla phase life-

ways are characterized by a subsistence strategy based primarily on corn agriculture, but which

also include hunting and the gathering of wild plant resources. Ceramic assemblages include

Alma Plain, Mimbres Boldface, and Mimbres Classic Black-on-white.

Glencoe Phase (a.d. 1100-1450)

In the southern highlands section of the Sierra Blanca Region, in the area from the Penasco

Valley north to Nogal Canyon, the period between a.d. 1 100-1450 is designated the Glencoe phase

(Kelley 1984). Glencoe phase sites are described as open, scattered arrangements of pithouses

varying in shape from rectangular to circular. The Glencoe phase ceramic complex is dominated

by Jornada Brown, with the balance of the assemblage reflecting the geographical proximity of

individual Glencoe localities to nearby sources of trade pottery (Kelley 1984:47-48).

Early Glencoe phase (a.d. 1100-1200) sites tend to be located on ridges or terraces over-

looking streams, generally at elevations below 2,134 m (7,001 feet) in the pihon-juniper zone

(Higgins 1984; Kelley 1984; Stuart and Gauthier 1981 ). Ceramic assemblages include red-slipped

varieties of Jornada Brown, Chupadero Black-on-white, Mimbres Boldface Black-on-white, and

San Andres and Three Rivers Red-on-terrcotta.

Late Glencoe phase (a.d. 1200-1400) sites are characterized by the appearance of pueblo archi-

tecture, although both pithouse and aboveground habitations continue to exist contemporaneously

(Rocek 1991:107). Late Glencoe pithouses tend to be square to rectangular, and occasionally con-

tiguous (Kelley 1984). Surface structures are slab-lined and constructed ofjacal (Kelley 1984).

Lithic and faunal assemblages suggest increased reliance on hunting (e.g., Holden 1952;

Driver 1990). Ceramic assemblages suggest an expanding trade network (Farwell et al. 1992).

The frequency of Chupadero Black-on-white and Three Rivers Red-on-terracotta increases, and

El Paso Polychrome and Lincoln Black-on-red are present in relatively large numbers. Gila

Polychrome, Ramos Polychrome, Heshotauthla Polychrome, Playas Red, Babicora Polychrome,

and Rio Grande Glaze I are present in smaller numbers, reflecting the greater distances to their

respective centers of origin (Kelley 1984:48).
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Corona Phase (a.d. 1100-1200)

The Corona phase is found in the northern highland section, and largely contemporaneous

with the Early Glencoe phase. As defined by Kelley, the northern highland section includes the

upper Gallo and Macho drainages, the north and southeast slopes of Capitan Mountain, and the

Bonito and lower Hondo Valleys (Kelley 1984).

The Corona phase (a.d. 1 100-1200) is known only from sites along the north and south slopes

of the Capitan Mountains, and the Gallo drainage (Kelley 1984). Corona phase sites are described

as small, open villages of one to nine contiguous jacal rooms constructed in shallow, slab-lined

pits with upright slab foundations (Kelley 1984:50).

Corona phase sites tend to be located in valley bottoms and in flat areas close to water, in the

pinon-juniper zone (Kelley 1984). Tool and faunal assemblages suggest a high degree of reliance

on hunting, relative to the Early Glencoe phase. Ceramics are dominated by Jornada Brown and

Chupadero Black-on-white, plus associated minor types (Kelley 1984:51). Beginning dates for the

Corona phase are inferred from the absence of Red Mesa Black-on-white from area assemblages.

Lincoln Phase (a.d. 1200-1400)

Lincoln phase (a.d. 1200-1400) sites tend to be situated in major valleys or on ridges, located

farther away from water than were Corona phase sites. This phase appears to represent the popula-

tion peak for the area (Farwell et al. 1992). Sites are characterized by multi-room pueblos of stone

masonry or adobe coursed with rocks or caliche. Room blocks are arranged either in a square around

a small central plaza, or in linear fashion facing east onto a plaza kiva, a feature rare elsewhere in

the Jornada Mogollon area (Kelley 1984:52-53).

The ceramic assemblage is characterized by a decrease in the frequency of Jornada Brown and

an increase in Corona Corrugated ware. Both of these represent the major utility types (Kelley

1984:53-54). The frequency of Chupadero Black-on-white remains high, while other major

imported types suggest trade contacts with the Middle Rio Grande, Acoma, Zuni, eastern Arizona,

and Casas Grandes areas (Wiseman 1975).

Imported types of the Lincoln phase tend to overlap with those of contemporaneous last

Glencoe phase sites. Lincoln phase ceramic assemblages however appear to have higher frequen-

cies of Little Colorado and Rio Grande types, while Glencoe phase sites appear to have more Gila

Polychrome, and types of Tularosa Basin and of Chihuahuan origin (Kelley 1984:53).

Abandonment

The Sierra Blanca Region appears to have been abandoned by agriculturalists sometime

between a.d. 1300-1450. This abandonment coincides with other large-scale population shifts in

other parts of the southwest United States, a pattern which has traditionally been explained as a

response to climatic change (e.g., Brett 1986; Euler et al. 1979; Stuart and Gauthier 1981).
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Chapter 6

A Geoarchaeological Investigation at

Upper Bonito I (LA 84319)

David Wilcox
"Chronological control is crucial to describing and explaining culture change over time and

the variability of cultural manifestations over space" (Cordell 1984:87). The RBAP's research

design aims to study the culture history of the Sierra Blanca Region of New Mexico (Shelley

1991). RBAP's research design, contextual in nature (Butzer 1982), deals with the problem of

land-use patterns through time. Controlling relative chronology in these studies is critical.

The RBAP excavations have provided the opportunity to investigate the site formation

processes (Schiffer 1987) of a Jornada Mogollon pit structure. The 1991 excavations recovered

CVS from four depositional processes (i.e., cultural versus natural), this knowledge could help

generate an intrasite chronology. The ability to identify smaller chronological units would assist

in prehistoric cultural reconstructions. Increased chronological control in the Sierra Blanca

Region would aid in the research of the rise and fall of regional Puebloan societies, assist in

answering questions about changes in the direction of social interaction and trade, and facilitate

the investigation of changes in settlement patterns and subsistence practices as suggested by

Stuart and Gauthier (1981).

In this study, sediments from the four different depositional levels from within the pit structure

(Figure 13), and artifacts treated as such, are compared in an effort to reconstruct the depositional

history of the structure. The focus of this analysis is the investigation of the apparent hiatus in the

pit structure's occupational history, as evidenced by radiocarbon dates (Shelley 1992a, 1992b; Table

2). This research explores the differences between depositional level in order to demonstrate that

the distinctions could be caused by natural, rather than cultural, deposition. Certain aspects of sed-

iment size and morphology are environmentally diagnostic. Variation in sediment size and shape

attributes may be a function of: (a) the nature of the parent material, (b) the distance and means of

transport, (c) the depositional environment, and/or (d) post-depositional changes or modifications

(Shackley 1975).

There is no dendrochronological curve for the Sierra Blanca Region. Ceramic cross-dating,

obsidian hydration dating, archaeomagnetic dating, and radiocarbon dating are the principle

chronometric techniques used in the region. By furnishing evidence of sediment deposition on

buried sites, a time-scale could be provided where other dating indications are deficient (Cornwall

1958). Understanding site formation processes (Schiffer 1987) will aid in placing Jornada

Mogollon sites chronologically in Southwestern prehistory.
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Figure 13. North Wall Profile of Upper Bonito I's Pit Structure.
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Table 2. Radiocarbon Chronology of Sites Investigated

Shelley 1991, 1992a, 1992b)

in Study (based on Hood 1994;

Site Context

Radiocarbon
Years B.P.

Calibrated

Mean Age
Age Range
(1-Sigma)

Pithouse Village Trash 1070 ±90 A.D. 980 A.D. 886-1021

Upper Bonito I Pit Depression/Roof Support 1050 ± 60 A.D. 991 A.D. 900-1021

Upper Bonito I Pit Depression/Trash 890 ± 60 A.D. 1163 A.D. 1034-1221

Upper Bonito I Surface Dwelling/Roof Support 860 ± 70 A.D. 1182 A.D. 1043-1253

Lower Stanton Ruin Trash Pit 620 ± 60 A.D. 1355 A.D. 1300-1410

Lower Stanton Ruin Roof Support 550 ± 70 A.D. 1404 A.D. 1305-1431

Lower Stanton Ruin Inside Hearth 550 ± 50 A.D. 1415 A.D. 1400-1430

Lower Stanton Ruin Inside Hearth 440 ± 50 A.D. 1455 A.D. 1430-1480

Note: All dates from carbonized wood; all radiocarbon analyses performed by Beta Analytic, Inc.; dendrochronological

calibration followed methods outlined by Stuiver and Pearson (1986).

Study Purpose

The RBAP investigations in 1991 recovered three charcoal samples from Upper Bonito I, which

were sent to Beta Analytic Inc., Coral Gables, Florida for dating. From these dates, it is inferred that

the pit structure was abandoned, and later used as a trash receptacle by the surface-dwelling inhab-

itants. If the Jornada Mogollon occupied the pit structure for an extended period, abandoned the

structure, and later resettled the site, then notable differences in particle morphology and shape may

support the proposed hiatus, defining... "a depositional sequence and consequently community

evolution at Upper Bonito I" (Shelley 1992a: 1 1). An a priori assumption of this research is that

the natural and cultural sediment deposits are distinct.

If an occupational hiatus occurred in the formation of Upper Bonito I, the following three null

hypotheses can be posited:

HI: There is no significant intrasite difference in the vertical distribution of sediment

attributes

H2: There is no significant intrasite difference in the horizontal distribution of sediment

attributes; and

H3: There are no significant intrasite differences either horizontally or vertically in the

amount of organic content within the sediments.

The Geology of the Rio Bonito Valley

The Sacramento and Sierra Blanca Mountains are primarily monoclinal, with extended slopes

to the east and vertical faulted escarpments on the west (Figure 14). The upland zones are formed

of the San Andres Limestones and Hondo Sandstone Formations, both of which are interbedded

with Permian Yeso and Abo Formations (Allen and Kottlowski 1967; Budding 1964; Perhac 1964;

Smith 1964; and Weber 1964). The eastern slopes are encased by Permian-age San Andres

Limestones. Older, igneous rocks are exposed in the higher altitudes and on the vertical west

mountainsides.

Unlike the rest of the range, Capitan Mountain is a Laccolith formed by magma expanding

beneath the San Andres Limestone, which was arched and lifted (Kelley 1984). This is the only
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range that projects eastward out of the main mountain chain. Most of the limestone has been

abraded off the summit, revealing an igneous core. The severe gradient of the higher altitudes of

Capitan Mountain has established a network of arroyos, which accumulate eroded materials in

overlapping alluvial fans, resulting in an extensive band of alluvial soils. Major Quaternary

deposits present in the research area are eolian and alluvial. These deposits are of relatively limited

extent and confined primarily to valley bottoms and slopes.

Since the Pleistocene, the Rio Bonito has incised a relatively deep, and in places relatively

wide canyon into San Andres limestones and Hondo sandstones (Shelley 1992a, 1992b).

"Geomorphological research indicates that the valley bottom has experienced repeated flooding

episodes historically and several lateral shifts in the main channel's position" (Shelley 1992a:4).

These workings have caused the degradation of sediments in the constricted portions of the valley and

the aggradation of sediments and alterations in the landforms in the broader segments of the valley.

Upper Bonito I's location, within the Rio Bonitos Valley, is indicative of an aggradational

environment. This broad expanse with little slope demonstrates that the fluvial and eolian activi-

ties can drop their sediments loads. The subterranean pit structure would have, throughout the

years, been a repository for sediment accumulation. The sediment derived primarily from lime-

stone is basic, which would not preserve certain aspects of the prehistoric record (i.e., pollen).

Stuart and Gauthier (1981) have suggested that changing climatic conditions influenced settle-

ment locations. Eidenbach (1983) has compared Hevly's tree-ring data on seasonal rainfall patterns

with sequences for the northern Tularosa Basin and adjacent ranges in order to explain changes in

local Formative period settlement and subsistence practices. During times of decreased rainfall,

settlements were probably located at lower elevations along the major streams. Conversely, set-

tlement locations shifted to higher elevations with increased rainfall. The house forms adopted by

these peoples in the mountains may have been influenced by temperature (Vierra and Lancaster

1987). In the Corona phase sites, jacal-walled structures were apparently sufficient for mountain

living, while the Lincoln phase sites, which are at higher elevations, include the somewhat warmer

pithouse form of habitation.

Many authors argue that the eastern Sierra Blanca Region was abandoned by a.d. 1400

(Dodge 1980; Kelley 1984). The lack of post-Rio Grande Glaze I Wares (Dodge 1980; Stuart and

Gauthier 1981) and any sites dated later than this period indicated that the population has dis-

persed out of the area by this date. The reason for this dispersal remains unclear.

If the radiocarbon dates represent an occupational hiatus, then the site history of Upper Bonito

I is quite complex. The pit structure would have been constructed during the Glencoe phase, aban-

doned, and resettled during the Corona phase. This would contradict Stuart and Gauthier's (1981

)

statement concerning the settlement patterning in the Jornada Mogollon region. Conversely, if the

site never experienced an occupational break, then the Rio Bonito, as a perennial stream, played

a major role in the site's lengthy occupancy.

This enigma can best be understood by deciphering the depositional history of the pit struc-

ture. If the structure was filled by natural processes, the occupational hiatus hypothesis would be

reinforced. Cultural deposition would suggest a long occupation at Upper Bonito I that lasted
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from the Glencoe phase to the Corona phase, and possibly on through to the Lincoln phase, making

it one of the longest occupied Mogollon sites in the Sierra Blanca Region.

The 1991 RBAP Excavation

As part of the 1991 RBAP, two test units are excavated on the site (Figure 2). These test units

coincide with the surface features. TU 1 , for example, roughly bisects the depression, and TU 2 is

restricted to a rock/boulder concentration approximately 20 m (66 feet) northwest of the depression.

Excavation results indicated that the depression marks the location of a collapsed subterranean struc-

ture about 12 m (40 feet) in diameter. Such large subterranean structures have been interpreted as

being ceremonial in purpose; nevertheless, this view is controversial (Lekson 1984). The recovered

artifactual materials represent mostly household refuse. This is believed to be the result of trash dis-

posal in the depression after initial structure abandonment. The rock/boulder array appears to be the

remains of a later site occupation. The postulated temporal and historical relationships between the

pit structure and the surface structure remain questionable, however.

The excavation grid for Upper Bonito I was laid out on a north-south baseline. The placement

of the baseline over the pit structure permitted the excavation to bisect the depression. Another

rationale for positioning the baseline in this location was to evaluate the depositional sequence

and consequently the community evolution at Upper Bonito I. The grid system contained 2 x 2 m
TUs. CVS were collected at regular intervals and averaged about 1 liter per sample. Constant vol-

ume sampling enabled the field crews to recover a number of items that would have been lost

through the %-inch mesh screens.

The end result of the work at Upper Bonito I's pit structure was the complete excavation of

five units to sterile levels. Overall, these units encompassed 15 m2 (161.46 feet
2

) of abutting exca-

vation that bisected the depression discernible on the modern surface (Figure 15). Artifactual, eco-

factual, charcoal, wood, and CVS were recovered from the test units sampled (4N/0E, 6N/0E, and

8N/0E). An initial analysis of the excavations and artifacts that were recovered in 1988 and 1991

can be found in Shelley (1991, 1992a, 1992b).

Discussion of the Pit Structure 's Depositional Sequence

The spatial distribution of the lithic artifact concentrations in Upper Bonito I's pit structure indi-

cates a relatively dense distribution in TU 8N/0E (Table 3). This unit is located in the northern extent

of the excavated TT 1, and closest to the surface structures. Flaked stone and ceramics recovered from

three units (4N/0E, 6N/0E, 8N/0E), however, have been used in this analysis. Project archaeologists

have assumed, prior to the mechanical analysis of the sediments and artifacts from Upper Bonito I,

that during the site's history, behavioral activities modify and interact with the pit structure's deposi-

tional sequence. This research sought to identify the degree of modification to the depositional

sequence by examining changes and fluctuations in the artifacts, sediment characteristics, and the

organic content of the various depositional units.
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,C14 Date A. D. 991
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Figure 15. Excavations in Upper Bonito I's Pit Structure (Adapted from Shelley 1992b).

Significant variation in sediment attributes within the structure is expected to occur. Temporal,

natural, and cultural processes are the probable sources for this variation. Differences in sediment

size within the structure are likely to be the result of structural collapse, site abandonment, natu-

ral filling, and the deposition of cultural refuse.

Table 3. Spatial Distribution of Lithic Artifact Concentrations in Upper Bonito I's Pit Structure

Test

Unit

Depositional

Level Count
Average

Sphericity

Average
Weight (gm)

Total

Weight (gm)

4N/0E

6N/0E

8N/0E

3b 158 1.09 3.16 498.9

2 112 1.02 5.12 573.8

1 32 1.03 5.29 169.2

3b 28 1.06 3.42 95.8

3a 282 1.07 3.93 1109.2

2 134 1.02 5.26 705.4

1 66 1.01 6.09 402.1

3a 577 1.04 3.87 2238.6

2 499 1.04 4.1 2047.1

1 89 1.07 4.63 412.2
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Variations in texture, particle size, particle shape, sorting, morphology, and particle fre-

quency will reflect different transportation agents and depositional episodes. Specific patterned

variations are expected to corre-

late with identified stratigraphic

units and their inferred mode of

deposition.

The pit structure has been

divided into four different deposi-

tional units; they are from bottom

to top 1, 2, 3a, and 3b (Figure 16).

Units 1 and 3a are believed to be

cultural depositional units.

Depositional Unit 1 is thought to

be associated with the roof col-

lapse of the pit structure, and

Depositional Unit 3a is believed

to be trash fill associated with the

surface dwelling. Natural deposits

are assumed to be Depositional

Units 2 and 3b, which represent

filling episodes after the pit

structure is abandoned (2) and

after the surface dwellings are

abandoned (3b).

Those units believed to be

cultural in origin, Depositional

Units 1 and 3a, should have rel-

atively higher amounts of organ-

ics. In addition, particles should be relatively poorly sorted and somewhat angular. If Depositional

Units 2, and 3b have been deposited naturally, then the organic content should be low, and the par-

ticles should be better sorted and more rounded. Understanding the source of variation will pro-

vide a more accurate chronology of Upper Bonito I.

Collection ofSample Data

During the excavation of Upper Bonito I, 10 x 10 cm soil columns were left in the southwest

corner of most of the test units (Plate 7). These columns were referred to in the field notes as CVS.

Test unit crews collected the CVS from the preserved columns. The samples were extract-

ed after each test unit is fully excavated, described, sketched, and photographed. Sediment

samples were collected from the three excavated units in examination. Additional samples were

collected from stratigraphic bulks at the end of excavations. These samples come from depositional

Plate 7. East Wall of Test Trench 1, Upper Bonito I (LA 84319).

38



A Geoarchaeological Investigation at Upper Bonito I (LA 84319)

n
c
o
">5

"55

o
Q.
o>

O

2

3
O
U_

0>f

c

o

(0

o>~
"«-

JO
^-
00

|2

i

I
o
©

2
Q.

£
3
O)

il

39



David Wilcox

units identified in the field. Twenty-one samples in all have been collected from the three exca-

vated units (Table 4). Those samples studied as part of this project are from Depositional Units 1,

2, 3a, and 3b.

Table 4. Constant Volume Samples from Test Trench 1, 1991

Test Unit

Depositional

Level Depth (cm)

8N/0E

6N/0E

4N/0E

3a

2

2

1

1

3b

3a

2

2

2

2

2

1

1

1

3b

3b

3b

3b

2

1

0.00-

1.50-

1.85-

2.45

2.42-

0.9

1.78

1.24-

1.68-

1.78-

1.85-

1.87-

2.22-

2.32-

2.5

0.00-

0.10-

0.20-

0.6

1.66

2.08-

1.50

1.85

2.10

2.47

2.00

1.87

1.94

2.15

2.00

2.32

2.50

0.10

0.20

0.50

2.19

The removal of artifacts also was done in arbitrary levels (10 cm). The samples were collect-

ed after they are provenienced, or after they are retrieved from the !/4-inch mesh screens, in which

case they are lot bagged by artifact type and depositional level. These artifacts included sherds,

lithics, ground stone, fire-cracked rock, charcoal, wood, and bone. The collection of pottery CVS
and artifacts started from the modern day surface and proceeded downward until the units reached

the pit structure's living surface.

The analysis of the sediments, and artifacts treated as sediments, provided data on the pres-

ence or absence of human alteration to the pit structure's depositional history. This information in

turn is used to help deduce site context and prehistoric human behavior.

Mechanical Analysis of the Sediments

Human beings modify their living space while they inhabit it (Ascher 1968; Butzer 1982;

Hughes and Lampert 1977). The artifact concentrations on the northern extent of the pit structure

have been proposed as representing human refuse disposal behavior. These activities may have

altered the depositional sequence of the pit structure by adding chemical substances (i.e., nitrates,
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phosphates, and organics) and conceivably enhancing pedogenesis. By distinguishing different

depositional mechanisms, the structure's sedimentary history can be reconstructed, thus elucidat-

ing the site's chronology.

Theory and Studies ofMechanical Analysis

The best indicators employed in identifying activity areas and in deciphering the mechanisms

entailed in the formation and eradication of archaeological sites are sediments. "There is nothing

more abundant in an archaeological site than the sedimentary matrix" (Hassan 1978:197). The

composition and structure of sediments are the result of geologic workings that are controlled in

varying intensities by facets of local environmental factors (Moody and Dort 1990).

Within recent years, sedimentological investigation of archaeological sites has become increas-

ingly significant. The application of sediment micromorphology to archaeology originated in the

1950s with Cornwall (1958), who employed it as a method of reconstructing past environments as

well as understanding specific anthropogenic features. Within the last few years, however, there has

been a flourishing of research activity on this topic (e.g., Bell and Boardman 1992; Courty et

al. 1989). An interesting note, given the sound geoarchaeological practice in North America

(e.g., Hassan 1978, 1979; Stein 1985; Waters 1992), is to recognize that most of this research has

been based in Europe.

Sediments are the solid organic and inorganic pieces amassed or precipitated by natural or

human means. A sediment, by definition, is an assortment of particles, loose or adhered. Sediment

attributes are derived from variation in: ( 1 ) parent material; (2) mode of transport; (3) depositional

microenvironment; and (4) in situ post-depositional alteration (Gladfelter 1977; Shackley 1975).

Upper Bonito I's matrix is composed of mostly elastics and archaeosediments (Butzer 1982).

Clastic sediments are the solid mineral grains (e.g., quartz) or rock fragments (e.g., basalt and

granite) that differ in dimensions from large, gravel-size clasts to petite, clay-size grains. Clastic

particles are mechanically deposited by one or more means of natural transport (e.g., water, wind,

and gravity). In addition, human activity such as trash disposal can also result in sediment trans-

portation. Varying modes of transport and deposition create unique attributes of sediments such

as the size of particles, the morphology of particles, and the fabric of clastic deposits. Observation

of variation in these attributes can provide evidence on the method of transport and insights into

understanding past depositional environments.

Size is possibly the most prominent characteristic of a sediment. The size of clastic particles

varies from large boulders several meters across to clay-size grains a few microns in diameter.

Numerous grade scales have been suggested, which arbitrarily divide sediments into a spectrum

of size classes (Selley 1992). The Wentworth grade scale is the one most commonly used by

geologists (Wentworth 1922). This scale divides clastic particles into four major size categories:

(1) gravel, particles greater than 2 mm in diameter; (2) sand, particles whose diameter fall

between 2-0.0625 mm; (3) silt particles with a diameter between 0.0625-0.0039 mm; and (4) clay,

particles less than 0.0036 mm in diameter (Selley 1992; Waters 1992; Wentworth 1922).
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Another significant sedimentary trait is sorting, or the degree to which the grains in a sedimen-

tary unit are of similar dimensions. The degree of homogeneity in a sedimentary unit is useful in

defining the winnowing effect of the transportation processes, the origins of the materials, and the

rate of sediment accumulation (Hassan 1978). Specifically, sorting indicates the method of transport

and degree of reworking of sediment, and consequently it is a meaningful gauge for distinguishing

depositional environments (Waters 1992). A unit formed from the quick deposition of sedimentary

materials will be relatively poorly sorted (e.g., a colluvial deposit). In comparison, eolian and fluvial

deposits will evidence much better sorting.

Particles also vary in their morphology because of transport and parent material. Particle

shapes are customarily described according to a system conceived by Zingg (1935; see Figure

17). Particle shape refers to the configuration of the particle. Gravel-sized clasts can be placed into

four shape classifications (oblate, equant, bladed, and prolate) (Hassan 1978; Krumbein and Sloss

1963; Selley 1992; Waters 1992), based on the ratios of the three mutually perpendicular axes that

delimit the longest (a axis), intermediate (b axis), and shortest (c axis) measurements of the par-

ticle. The configuration of a sand-size particle is characterized by its degree of sphericity.

Roundness is an evaluation of the sharpness or smoothness of the edges of a particle, and it is rep-

resented by a hierarchy of six classes ranging from very angular to well-rounded (Figure 18).

b/a

0.8

0.6

0.4

0.2

Oblate (disk)

Bladed

c b

Equant

Prolate

(Roller)

0.2 0.4 0.6 0.8

c\b

Figure 17. Classification of the Shape of Gravel-size Particles. The a axis is the longest, the b

axis is intermediate, and the c axis is the shortest. The ratios of axes b to a and c to b

divide gravels into four shape categories (taken from Waters 1992:27).
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This research, contextual in character, treated all the artifacts that came out of the three test units

(4N/0E, 6N/0E, and 8N/0E) as sedimentary particles.

The sedimentary record of an archaeological site provides crucial environmental data (Butzer

1982; Davidson et al. 1992; Evans 1985; Hassan 1978; Pyddoke 1961; Schiffer 1987).

Archaeosediments (Butzer 1982) are different from naturally deposited sediments because they

are created as a result of certain human behavioral activities. Archaeosedimentary components

contain: (a) various mineral and biological materials intentionally or incidentally transported to

the site, (b) features and residuals derived from the modification of manuports or from human

activity, and (c) mineral sediments due to human acceleration of or interference with normal geo-

morphic processes.

The underlying premise of archaeosedimentology is that people and animals are geomorphic

instruments that create a specific range of archaeological sediments. Butzer (1982) states that

different forms of archaeological sediment genesis should be subdivided into three categories:

(1) primary, (2) secondary, and (3) tertiary forms. Primary elements are introduced to the site by

people, either in their original forms or as finished products. Secondary materials are the modified

products derived from on-site mechanisms or biochemical decomposition. Tertiary materials consist

of the primary and secondary debris that is removed, transported, and deposited through human and

other physical processes in the form of secondary trash mounds, structural fills, and water-laid beds.

Anthropogenic sediments assumed to be present, prior to analysis, in Upper Bonito I's pit

structure are:

1

)

Organocultural refuse (primary). This material usually takes the form of fine-grained,

often clayey and highly organic sediment (Butzer 1982) with comparably minor amounts

of crude rubble, other than potsherds and debitage flakes.

2) Collapsed rubble (secondary). This consists of mixed, disorganized masses of crude

rubble originating from gravity sliding or water aided gravitational transfer.

These collapsed masses are assumed to be relatively poorly sorted.

3) Water-lain sediments (tertiary). These are deposits resulting from local sheetwash activity.

Prior to this investigation, the depositional sequence of the pit structure was thought to have

been a result of site construction, initial usage, abandonment, primary cultural deposition (refuse

area) for a later site occupation, and the site's final abandonment (Figure 19).

If so, the residual sediments and depositional levels should exhibit a level of cultural activity

(i.e., living surface of the pit structure), and abandonment level (i.e., structural collapse), natural

deposit (i.e., eolian or fluvial deposition), high organic level (i.e., trash deposit from the surface

dwelling use), and final abandonment (i.e., natural deposition).

The sediments associated with cultural activity (i.e., trash, structural collapse, and the struc-

ture's initial occupation) would be relatively poorly sorted and very angular. In contrast, those

sediments affiliated with the structure's occupational hiatus would be better sorted and possibly

more spherical.

One problem with this concept is the possibility of collapsed rubble units being interbedded

with poorly sorted (cultural deposits) and well-sorted (natural deposits) levels near the margins of
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the structure due to wall collapse. TU 6N/0E should provide the clearest depositional sequence

due to its location near the center of the subterranean structure. In this area, the possible wall col-

lapse may not have affected the depositional sequence as dramatically as in other test units. A sec-

ond test unit that may help in understanding the depositional history of the pit structure is

TU 8N/0E. This test unit is spatially located nearest to the surface dwellings, and it exhibits a

higher frequency of cultural deposits (i.e., trash). This unit is also adjacent to the structure's north-

ern wall, which, if collapsed, would intermix and possibly alter the sedimentary matrix of those

depositional levels. A third possibility lies in post-occupational disturbance to the depositional

levels within the pit structure, or bioturbation. Bioturbation is caused by disturbance due to the

burrowing of animals, mostly rodents. Artifacts and sediments can be displaced horizontally and

vertically, as much as 70 cm (Pierce 1992), which may subsequently lead to faulty radiocarbon

dates. The pit structure exhibits bioturbation in the upper three levels of the excavated test units.

Selection ofSamples

Sediments for mechanical analysis were selected by judgmental and arbitrary processes. In total,

21 (CVS) samples were used in mechanical analysis. The selection of the 21 samples was carried out

in order to provide sufficient horizontal and vertical coverage of the pit structure at Upper Bonito I.

The main purpose of this study was to determine the transportation and depositional

processes responsible for filling the pit structure. Two depositional activities were inferred

within the pit structure, natural and cultural. Three test units (4N/0E, 6N/0E, and 8N/0E) were

considered a priori the most important in understanding the lithostratigraphy of the pit struc-

ture and its occupational history.

Samples from TUs 4N/0E, 6N/0E, and 8N/0E were analyzed in order to examine the sediment

mechanical relationship between and within each unit. Unfortunately, because of excavation and

sample collection inconsistencies, samples from the entire stratigraphic sequence of 4N/0e and

8N/0E were not available. The depositional levels comprising the full stratigraphic sequence,

however, were represented when these two units were combined for analysis. These units com-

prised the judgmental samples for analysis.

All 21 samples were split with a standard sample splitter prior to analysis. One half of the

original sample was used for particle size and analyses. The second half was split once more to

get two quarter samples. One quarter was used to analyze weight loss on ignition, and the other

quarter was reserved as a backup sample. All 2 1 samples were weighed prior to and after splitting.

After initial mechanical analysis at ENMU, 21 samples were shipped to the Soil Characterization

Laboratory at TexasA&M University. TexasA&M also tested these samples for particle-size distribution.

Laboratory Methodology (at ENMU)

Weighed and disaggregated samples were placed in a Ro-Tap for 15 minutes to mechanically

separate different particle sizes. Nine different sieves were used (from 4-0.0625 mm), to develop

particle-size distributions. Once sieving was completed, the individual sample's sieve sizes were

weighed to obtain relative particle-size distribution.
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Laboratory techniques utilized to obtain the determination of carbonate and organic content

of sediments by weight loss on ignition have standardized methodologies and bear results that can

be replicated. Results from the weight loss on ignition analysis are represented in grams (Table 5).

The methods presented are explained by Dean (1974).

Table 5. Weight Loss on IgiTition Analysis for All Test Units

Depositional

Unit

Organic

Mean
Standard

Deviation

caco3
Mean

Standard

Deviation

3b

3a

2

1

5.13

3.9

3.63

3.68

0.33

0.68

0.47

0.63

0.74

1.12

1.15

1.28

0.45

0.41

0.44

0.45

The weight loss on ignition has been accomplished in three parts: (1) drying the samples, (2)

igniting the organic carbon in the samples, and (3) firing the carbonate minerals from the sam-

ples. All the samples have been placed into preweighed ceramic crucibles. The weight loss of the

samples can be determined by weighing the samples before and after ignition and determining the

weight percent loss by weight change (Dean 1974).

Powdered samples are dried in a muffle furnace at 100°C for one hour. After cooling to room

temperature in a desiccator, the samples and the crucibles are weighed. This gives the dry weight

of the samples, which represents the baseline for all weight loss calculations.

The samples and the crucibles are again placed into the muffle furnace and heated to 550°C for

one hour. After cooling to room temperature in the desiccator, the samples are weighed a second time.

The difference between this weight and the dry weight is the quantity of organic carbon burned.

The samples are then returned to the muffle furnace and heated to 1 ,000°C for one hour. After

cooling to room temperature in the desiccator, the samples are weighed again. The weight loss

between 550-1,000°C indicate the frequency of carbonates. All weights and weight losses are cal-

culated as relative frequencies.

Laboratory Methodology (at Texas A&M University)

Laboratory procedures used to produce particle-size distribution in elastics also have stan-

dardized methodologies and yield results that can be consistently reproduced. The results of the

particle-size distribution by the Soil Characterization Laboratory are represented in percentages

(Tables 6, 7, and 8). Methods that are presented come from Kilmer and Alexander (1949), who

explain the procedures used at the Soil Characterization Laboratory at Texas A&M University.

The Texas A&M mechanical analysis of the sediment samples employ both wet sieving and

pipette methods. The analyses yield percentages of various sized sand, silt, and clay particles.

The pipette method procedure recounted below is a modification of the technique reported by

Kilmer and Alexander (1949):
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(a) The air-dried sample is mixed and quartered. The quarter reserved for examination is rolled

with a wooden rolling pin to break up the peds. The sample is then passed through a sieve with 2

mm apertures. The substance not passed is weighed and reported as a percentage of the air-dry

weight of the whole specimen.

(b) A 10 gm sample of the air-dry sediment, having no particle greater than 2 mm, is weighed

on a scale and placed in a 250 ml electrolytic Pyrex beaker. About 50 ml of distilled H
2 are added

and succeeded by a few milliliters of 30 percent hydrogen peroxide. The beaker is then covered.

If a violent reaction ensues, the cold hydrogen peroxide procedure is reiterated at set intervals

until the reaction ceases. The beaker is then placed on a hot plate and heated to 90°C for about 30

minutes to eliminate any excess organic matter and hydrogen peroxide.

(c) The beaker is then placed on a rack and washed with 150 ml of distilled H2 to stir the

sample well. The samples are then placed overnight in an oven at 1 10°C, cooled in a desiccator,

and weighed to the nearest milligram. The weight of the oven-dry, organic-free samples is used

as the basis for calculating the percentages of the various particle-size distributions.

(d) Ten ml of sodium hexametaphosphate dispersing agent is added to the oven-dry organic-

free samples, and transferred to an 8 ounce Pyrex class nursing bottle by means of a funnel, a rub-

ber policeman, and distilled H20. The volume is made to 6 ounces, and the bottle is stoppered

and shaken overnight on a horizontal, reciprocating shaker at 120 oscillations per minute.

(e) The dispersed samples are then washed on a 300-mesh sieve. The silt and clay pass through

the sieve into a 1 liter graduated cylinder. The sieve is retained over the cylinder by way of a clamp

and a stand. The washing is continued until the volume in the cylinder totals approximately 800

ml. The sands and coarser silt grains remain on the sieve. It is imperative that all particles less than

20 microns in diameter are washed through the sieve. The sieve is then detached from the stand,

set into an aluminum pan, and dried at 1 15°C. The material on the sieve is then brushed into a plat-

inum dish and subsequently dried for another two hours. The dish is placed into a desiccator, and

the contents are then sieved and weighed. The silt and clay suspension in the cylinder is made up

of 1 liter with distilled H20, which is covered with a watch glass and set aside for pipettings.

(f) Pipettings are made for the 20, 5, and 2 micron particle sizes. The 20 and 5 micron parti-

cles are pipetted at a 10 cm depth; the sedimentation time varies according to the temperature. The

two micron fraction is pipetted after a six hour predetermined settling time, the depth of settlement

varying according to time and temperature. A Lowy 25 ml automatic pipette having a filling time of

12 seconds is used. Before each pipetting, the material in the sedimentation cylinder is stirred for

six minutes with a motor driven stirrer. A hand held stirrer is used to further agitate the suspension

in the sedimentation cylinder, in an up and down motion, for 45 seconds. The time is noted at the end

of the stirring. The apex of the Lowy pipette is submerged slowly into the suspension to the correct

depth by way of a Shaw pipette rack, about one minute before the settling is completed. The

pipette is then filled and discharged into a 60 ml weighing bottle containing an outside lid. The

bottle is dried in the oven at 98°C and then additionally dried for four hours at 1 10°C. The weigh-

ing bottle is then cooled in a desiccator containing phosphorous pentoxide as a desiccant and

weighed.
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(g) The dry sands, containing some coarse silt, are weighed and brushed into a nest of sieves.

They are agitated for three minutes on a shaker (Ro-Tap) having vertical and lateral movements

of !/2-inch and making 500 oscillations per minute. The summation procedure of weighing is

employed. The first sand fraction is weighed, the second fraction is appended to it, and the total

is determined and so on. If the tally of the fraction weights is equivalent to the total weight, it is

presumed that no weighing mistake has been made.

Results

Organics

Those units hypothesized to be cultural in origin, Depositional Units 1 and 3a, should have

relatively higher amounts of organics present. Conversely, if Depositional Units 2 and 3b are

deposited naturally, then the organic substance should be less than 1 and 3a. Most of the organic

content would have been discarded into the subterranean structure as trash by the surface dwelling

occupants. Eolian and fluvial activities could not have deposited significant amounts of organics

into the pit structure because of the fluvial plain's slope.

Organic matter is usually most concentrated near the surface in normal situations (Birkeland

1984). Figure 20 and Table 5 depict the mean organic content within the pit structure's deposi-

tional units. The vertical distribution of organics is not significantly different from what would be

expected in a normal soil (Birkeland 1984).

Figure 16, showing the profile of the west wall of TU 1, shows that bioturbation (Krotavina)

is more pronounced in the upper reaches of the pit structure. Rodent activities within an archaeo-

logical site have been studied by Pierce (1992), Schiffer (1987), and Wood and Johnson (1982). The

construction of burrows and the movement of sediments by these rodents alter the archaeological

deposits by causing organic enrichment of the subsurface.

The organic content of Depositional Unit 1 through Depositional Unit 3a does not support the

hypothesis of an occupational hiatus. The fluctuation of the amount of organic content found in

Depositional Unit 3b is believed to be indicative of faunal turbation. There is no distinctive break

or change in the relative frequency of organics in the depositional sequence that would reflect an

occupational hiatus at Upper Bonito I.

Calcium Carbonate

Soils in semiarid and arid regions frequently have carbonate-rich horizons at some depth

beneath the surface. Thus, calcium carbonate (C
a
CC»3) buildup in soils is associated with climate,

more specifically to that percentage of the precipitation that leaches downward in a solum

(Birkeland 1984). C
a
C0

3
is water soluble and therefore easily eluriated to lower levels. In a nor-

mal aridisol, the relative frequency of CaC03
is expected to increase at depth until a point is

reached, below which the sediments remain dry and unaltered by pedogenesis.
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Figure 20. Mean Organic Content within Pit Structure.

Table 5 and Figure 2 1 present the results obtained from the weight-loss on ignition performed

on the 21 samples. There is almost a one-to-one correlation between calcium carbonate content

and depth. This analysis shows that more calcium carbonate is present in the lower reaches of the

pit structure, which is to be expected. The pit structure's floor is packed clay and plaster, which

restricts water percolation and results in a moister environment for the chemical formation and

leaching of calcium carbonate. As there is no dramatic change in the calcium carbonate content

within the pit structure's depositional units, there does not appear to be any occupational hiatus

in the structure's history. This analysis suggests that the pit structure is acting as a repository for

water accumulation, thus increasing the leaching of calcium carbonate downward through the

depositional units and, in the process, possibly boosting the rate of local soil formation.

Artifacts

Depositional Units 1 and 3a's particles, and artifacts treated as particles (if cultural in origin)

should be relatively poorly sorted and relatively angular in appearance. On the other hand, if the

particles and artifacts in Depositional Units 2 and 3b are naturally deposited they should be better
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Figure 21. Mean Calcium Carbonate Content within Pit Structure.

sorted and more rounded. Fluvial and eolian processes can lay down large deposits of sediments.

These predictions are based on Stoke 's law, which states that according to wind or water velocity,

certain particle sizes will be transported and/or dropped in certain depositional environments.

Particles transported by these mechanisms would be subjected to rounding. If the particles are trans-

ported long distances, they would hit stationary objects and bounce off each other while in transport

causing the edges to become less angular, thus giving a proxy measure as to its means of deposition.

Particles deposited through human behavior and/or the structure's wall collapse will not be sorted,

and their morphology will be relatively more angular.

As shown earlier, the frequency of artifacts retrieved from Depositional Units 1, 2, 3a, and 3b

in TT 1 varied significantly with depth (see Table 3). The test units closer to the surface have

greater quantities of artifacts present. Artifacts observed under a binocular microscope exhibit

rounding indicating their mode of transportation is through cultural processes.
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Bioturbation has also been reported (Pierce 1992; Schiffer 1987; Woods and Johnson 1982)

as a cause of vertical size sorting of artifacts within an archaeological deposit. During the 1991

excavation, Krotavina are associated with artifact concentrations. The frequency of artifacts in the

upper reaches of the pit structure's depositional units probably represent a mix of faunal and

human activities.

Artifact frequencies mirror the organic content frequencies found within the depositional

units, becoming greater as one nears the surface. No evident break is noted in the artifact count,

other than becoming greater in the upper reaches of the pit structure. This suggests that there is

no occupational hiatus evident at Upper Bonito I as seen through the artifact frequencies.

Sphericity, previously thought to clarify the archaeosediments' means of deposition, has been

analyzed in this research. The observations of artifact (i.e., sherds and lithics) roundness as to

their mode of transportation are inconclusive, however. In order for sediments and artifacts, treat-

ed as elastics, to achieve some degree of sphericity, these objects must be subjected to certain dis-

tances of transportation in order to become rounded. The archaeosediments, deposited as a result

ofhuman behavioral activities, have no distinguishing spherical traits, because they have not been

subjected to long distance transport before deposition. Consequently, the sediments' sphericity is

not used in deciphering the pit structure's depositional history.

Particle-Size Distribution

The particle-size distribution analyses conducted at two labs are similar in their conclusion.

The pit structure's particle-size distribution, in the four depositional units and three test units,

shows no divergence from the cumulative percentage curves expected in normal soil properties

(Figure 22). If one or more cases would deviate from the main curve, then the particle-size dis-

tribution would be suspected as being different for that unit or units' depositional history. Because

there is no divergence in the cumulative curve, the depositional history of this feature shows no

occupational hiatus.

Conclusions

Depositional Environment

All the analyses performed on the 21 CVS (i.e., organic content, calcium carbonate content,

and artifact frequency) show that there are no distinctive breaks in the stratigraphic vertical

sequence. Breaches in the stratigraphic sequence would indicate that an occupational hiatus is a

possible explanation in reconstructing the site's depositional history. The organic and calcium

carbonate contents indicate that sediments within the pit structure are undergoing the early stages of

pedogenesis. The artifact frequencies increase with time, detailing that the site's occupants are prob-

ably utilizing the subterranean structure as a trash receptacle, and that faunal turbation is present.

The only evidence that currently suggests an occupational hiatus existing in Upper Bonito I's

depositional history is three radiocarbon dates from this site. Two dates are close contemporaries

of one another (i.e., surface structure and the upper levels of the pit structure), which are thought
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to have been culturally produced. The third assay comes from the lower reaches of the pit struc-

ture, a roof support post that is thought to have been culturally fixed at an earlier time in the site's

history. The time difference between the radiocarbon dates is not very extensive. Given the stan-

dard error associated with radiocarbon analyses, and the possibility of contamination by calcium

carbonate, Shelley argues that any hiatus indicated in the radiocarbon dates is more apparent than

real (Shelley 2001, personal communication). All samples have been pretreated with hydrochloric

acid, which makes contamination doubtful. The CVS analyzed show that the calcium carbonate,

organics, and particle size sorting all attest that the sediments within the pit structure are stabilizing

and indicate an early stage in pedogenesis. The calcium carbonate content is greater in the lower

depths of the subterranean structure, indicating leaching processes characteristic of semiarid soils.

The organic volume is greater in the upper reaches of the structure, which is characteristic of most

soils where faunal turbation and floral decay are most prominent. The particle size sorting showed

that clay has a higher cumulative frequency than silt. This suggests that the early stages of pedo-

genesis are probably occurring at the site (Shelley 1994, personal communication).
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The artifact frequency suggests the pit structure is abandoned, because its floor is quite empty

of artifacts (i.e., ceramics and lithics), before it is burned. The occupants of the later surface

structures used the subterranean depression as a trash disposal area. Some wall collapse and

slumping occurred, as reported in the RBAP 1991 field excavation reports from TU 6N/0E.

Nonetheless, most of the sediments that filled the pit structure were deposited by human refuse

disposal behavior and resorted by bioturbation and gravity.

Recommendations for Further Research and Postulated Expectations

The easiest way to conduct this research would have been to connect the two features (TT 1

,

and TT 2) with a trench. This would have required additional resources and time, and was there-

fore unreasonable considering the tight budget and schedule. Nevertheless, this would have

enabled the 1991 RBAP to reach the same conclusion as this research did, that the two features

are contemporaneous with each other.

This research's analyses on the archaeosediments' particle-size distributions, artifact frequencies,

organic and calcium carbonate contents can be replicated on similar features from different geo-

graphical settings. When a feature traps sediments in transport, whether by natural or cultural means,

it will reflect certain aspects of that area's depositional environment and cultural behavioral patterns.

This will define a tangible record of past depositional activities at a specific place in time, enabling

one to reconstruct site and community evolution when chronometric techniques are inappropriate.

Environmental processes are interactive and linked. Climate regulates the type of floral com-

munity and soil formation processes that will be present in certain regions. Vegetation enhances

the type of soil formation and stabilization present in an area. Soils will allow certain types of veg-

etation to thrive. Vegetation is the determinant factor in stabilization. Without it, soils could not

form, making it improbable for certain aspects of a cultural feature to be in situ.

Utilizing the same data accumulated from Upper Bonito I's TT 1, one can postulate what

results would be obtained from two different geographical settings, a floodplain and a terrace.

These effects and results are presented below.

Floodplain

A floodplain is the depositional plain of a stream or river. These alluvial landforms are linear

depositional environments, yielding intact surface locations and ephemeral sand and gravel bar

sites with reworked artifacts.

The artifact assemblage in this high-energy environment should depict reworking from the

fluvial activities, making artifacts more spherical or rounded. Therefore, a proxy measure can be

established that allows past environmental episodes to be distinguished. Such a fluvial environment

would fill a depression rather quickly in a few seasons. Flooding would most likely cause the

walls to slump, making the first depositional levels in this pit structure a colluvial fill. Thereafter,

successive filling episodes, after Stoke's Law, would be lenses of gravel, sand, silt, and clay. The

closer the filling is to the rim of the pit structure's wall, the more likely that silts and clays would

probably be swept away by fluvial activities.
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Moisture and vegetation would hasten pedogenesis in this environment. Artifacts

consolidated into the streambed are of the identical age as the channel alluvium if the pit structure's

occupation, stream erosion, and deposition are roughly concurrent (Waters 1992), thus allowing one

to reconstruct past depositional episodes.

Terrace

A terrace is a landform of alluvial origin found in most river valleys. Terraces located slight-

ly above a dynamic floodplain may become inundated and buried during large flooding events.

Terraces may also be layered or buried by eolian, colluvial, and alluvial fan sediments.

Pit structures located in this type of environment should have the following characteristics:

artifacts should be subspherical, most of the matrix should be colluvial fill, and lenses of flood-

ing events should be visible in the stratigraphy.

Artifacts in this situation would be poor indicators for environmental reconstruction, showing

little reworking after being discarded. Artifacts would not be exposed to surficial agents (i.e., flu-

vial and eolian) long before being buried in the pit structure or being redeposited downslope.

Fluvial agents would cause slumping of the pit structure's walls and cause sediments and pos-

sibly landslides to come down upon the site. Colluvial deposits are not sorted, so these episodes in

the feature's history would be noticeable by the different particle sizes intermixed within a layer.

Flooding episodes would also be visible on a clean wall. These layers would show clastic sizes

going from large size gravels to smaller particle sizes (i.e., clay and silt). The moisture regime

present within this environment would help pedogenesis, in conjunction with vegetation, climate,

and location of the pit structure in the landscape. Unless the pit structure shows some lateral ero-

sion coming from the higher elevations, and/or down-cutting from the river or stream, then the

artifactual remains within the feature would be in situ.
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Chapter 7

Variation in Mogollon Brownwares
of the Sierra Blanca Region

Matthew Salzer

The importance of accurate chronologies for understanding culture processes cannot be

overemphasized, particularly in describing and explaining culture change (Cordell 1984).

The research design of the RBAP focused on investigating the culture history of the Sierra Blanca

Region and the Rio Bonito area in particular (Shelley 1991 ). The contextual nature of the research

design (Butzer 1982) addressed questions of changing land-use patterns through time. The con-

trol of relative chronology is crucial to these investigations.

The RBAP excavations provided the opportunity to investigate variation in the morphology

and technology of Jornada Mogollon plain brownware ceramics as they change through time.

Excavations yielded samples from three temporally distinct sites. If these brownwares differ

temporally, this information can help develop a refined chronology and increase the ability to

cross-date sites. The ability to recognize smaller chronological units would aid in prehistoric cul-

tural reconstructions. In the Sierra Blanca Region, increased chronological control could help in

the study of the growth and collapse of local Puebloan societies, in the study of shifts in settlement

patterns and subsistence practices as suggested by Stuart and Gauthier (1981), as well as help

answer questions regarding shifts in the orientation of social interaction and trade.

Wheat (1955) recognized the importance of determining, as closely as possible, the relative

dates of cultures, branches, and phases to understand Mogollon prehistory. Brownware attribute

variation studies are useful in southeastern New Mexico due to the large number of sites that con-

tain little or no diagnostic painted pottery types. The unfortunate possibility exists that the num-

ber of sites containing no specific temporally diagnostic pottery will increase due to the illegal

collecting of decorated pottery. Temporal differentiation of such archaeological sites would be a

step towards a more complete understanding of the sites and people who once inhabited them. A
large number of nonstructural sites in southeastern New Mexico contain few diagnostics. This

facet, in conjunction with the tradition of artifact collecting among local residents, has led archaeol-

ogists to realize that in some instances brownware may be their only source of temporal information.

In this study, I compared rim sherds from the different sites, considering morphological and

production technology attributes. The analysis was limited to rim sherds because of the high

degree of variation present in different rims and because this approach had been used successful-

ly to demonstrate metric variation as a function of time (Whalen 1978, 1980). This project

explores variation and attempts to demonstrate what "kind" of variation is present. Certain aspects

of shape or vessel form and production technology can be temporally sensitive. Variation in

ceramic attributes among sites may be a function of changes in vessel shape over time, of

59



Matthew Salzer

differences in raw material availability over space and time, of changing production technology,

or of functional differences in the ceramic vessels or the sites from which they are recovered.

Variation does not have to be purely stylistic to prove useful in chronology building. Functional

attributes can also have a continuous unimodal distribution which may be useful as temporal markers.

Within the Sierra Blanca Region, plain brownwares usually represent the majority of the

ceramics recovered. Rocek (1991) remarks that the vast majority of the ceramics recovered from

the Dunlap-Salazar site in the Rio Bonito Valley are plain brownwares. Vierra and Lancaster

(1987) note that locally made brownwares also dominate their assemblages. Understanding the

variation in brownwares will assist in positioning Jornada Mogollon archaeological sites chrono-

logically in Southwestern prehistory.

Background

Regional Brownware

Plain brown pottery found in the ceramic assemblages of archaeological sites in New Mexico

and Arizona has long been used to assign these sites to a culture group and define the culture area.

It is considered one of the defining traits separating the Mogollon from the Anasazi to the north

and the Hohokam to the west.

Southeastern New Mexico, as well as adjacent parts of Texas and Chihuahua, make up the

area whose prehistoric inhabitants are referred to as the Jornada Branch of the Mogollon. Lehmer

(1948) was the first to synthesize the area into a broad taxonomic category extending, roughly,

from Carrizozo in the north to Villa Ahumada in the south, and from 120 km (75 miles) west of,

to 240 km (150 miles) east of El Paso. He attempted to form a chronology defined by differences

in architecture and pottery.

Southeastern New Mexico brownware has been viewed as a coarse regional modification of a

western Mogollon utilityware; Alma Plain (Mera 1943). Jornada Brown was first described in

print by Jennings (1940). Lehmer 1948 called it common or unknown brown. Mera (1943) later

proposed the name Jornada. It was originally defined by temper and surface polish attributes, but

these have often been ignored and the term Jornada Brown has been applied somewhat indis-

criminately. There is considerable variation in temper, color, thickness, and other attributes within

the type.

Jornada Brown and El Paso Brown constitute most of the brown pottery native to the Sierra

Blanca Region. There is considerable disagreement about the relationship of these two types.

Lehmer (1948) and Kelley (1984) see them as separate types with Jornada similar to El Paso, but

with finer temper and a better exterior finishing. Jelinek (1967), however, does not see sufficient

differences to distinguish El Paso Brown from Jornada Brown, and the two are considered the

same type. Burns (1977) and Frizell (1985) identify the two types as identical, except for the

absence of surface polish on El Paso Brown.

Ceramic studies have focused on using brownware relative frequencies as chronological indi-

cators (Corley 1965; Jelinek 1967; Kelley 1984; Lehmer 1948; and Leslie 1979). Percentages
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of brownware ceramic types within site assemblages have been calculated and used to help promote

a phase designation. This early use ofbrown ceramics in assigning a phase designation is critical for

gaining the necessary chronological control of the area. My research has a similar temporal goal, but

I focus on the ceramic attributes as temporal indicators instead of on the percentage of types in

ceramic assemblages.

Certain problems are now recognized with these early studies and their analyses of brown-

wares. There has been a tendency to assume that crude or less elaborate brownwares indicate early

ceramic horizons; this sort of evolutionary sedation is highly questionable. The functional role in

ceramic assemblages is rarely considered; sedations not stratified according to functional cate-

gories may be biased by nontemporal phenomena. This is especially true with multi-activity sites;

thus, the lack of recognition of multi-component sites may have led to inaccurate phase designa-

tions. The first appearance of pottery in southeastern New Mexico adds to phase recognition.

There is also the question of when the pottery first appeared in southeastern New Mexico. While

ceramics have traditionally been considered as artifacts associated with agriculture, this association

has recently been challenged (Leslie 1979; Roney 1985; and Stuart and Gauthier 1981). The long

established a.d. 900 for the initial appearance of ceramics in the area is being reevaluated (Whalen

1978, 1980; LeBlanc and Whalen 1980).

One result of the early regional studies is the division of Mogollon brownware into types.

This remains problematic due to a lack of consistency as to what attributes constitute a specific

type and to the apparent casual use of existing type designations. Types have usually been defined

on the basis of only a few attributes. Some archaeologists appear content to allow types to encom-

pass a great deal of variability while others create new types on the basis of minimum attribute

variation. The literature reflects a tendency to introduce new types: those that could be fit into

existing categories and those that are not spatially and temporally distinct. Such introductions

tend to add to the confusion.

One may reasonably assume that brownwares are manufactured by local family units. This

division of labor would contribute to a lack of standardization. Rather than relying on this expla-

nation for attribute variation, however, I try to explain variation as a function of time. Seaman

and Mills (1988), as well as Carmichael (1983), West (1982), and Whalen (1978), use brownware

attributes to gain tighter chronological control in or near southeast New Mexico and adjoining

areas. These studies test whether shape, especially rim morphology, of brownware vessels

changes through time. They recognize existing brownware variation, which allows for more accu-

rate temporal designation of sites, as well as tentative designation of some sites that otherwise

would not be able to be placed in time. Whalen's (1978) work in the Hueco Bolson pioneered this

approach. He suggested that, "considerable subdivision of El Paso Brown is necessary to produce

smaller and analytically more meaningful chronological units" (Whalen 1978:59).

Whalen's research indicates that the morphology of El Paso Brown pottery does change over

time. He suggests that sites from different time periods contain assemblages that exhibit exclusive

or overwhelmingly dominant ceramic morphologies that are particular to their time. Whether this

metric variation is, in reality only a function of time remains to be demonstrated. Questions
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of function, raw material variation, and other effects of changing production technology still need

to be addressed. O'Laughlin (1985) obtained different results in his study of Mesilla Valley

ceramics. As a result, whether or not brownware attributes are temporally sensitive is uncertain.

Perhaps culture change as reflected in ceramic assemblages is strictly a regional phenomenon. To

examine this possibility, the focus ofmy study is the Sierra Blanca Region, approximately 160 km
(99 miles) northeast of Whalen's research area, the Hueco Bolson.

Shifting away from the use of brownware ceramic assemblages as temporal indicators, Burns

(1977) used petrographic analysis to assign each brownware type to a "temper group." From this

information, he (Burns 1977) reconstructed source areas and manufacturing centers. His study

evaluated temporal and spatial trends collectively. My temper and refiring analyses are aimed at

answering similar spatial questions regarding local resource utilization.

Frizell (1985) used attribute analysis and statistical methods to evaluate the variability within

brownware assemblages. His study yielded information on vessel form and its relationship to site

function, as well as information on surface treatment, typologies, and other elements of manufac-

ture. He recognized "tempering material as the single most important factor in the determination

of ceramic type" (Frizell 1985:121). Temper reflects the petrological composition of its source

rather than unique manufacturing traditions. The differences in temper, however, may be the best

attribute for identifying geographical variants and localized manufacturing centers, but variation in

the use of temper types may reflect spatial, cultural, or random selection of resources. These studies

concentrate on brownware types and their usage to answer spatial and functional questions of cul-

tural significance as well as chronological historical questions.

Ceramic Cross-Dating

Dendrochronological, radiocarbon, archaeomagnetic, and obsidian hydration dating techniques

have all been used in the Southwest to establish a chronological framework calibrated to calendar

years. From this framework, ceramic types have been used as temporal markers when they are

associated with an archaeological site dated by one of these absolute techniques. This practice of

ceramic cross-dating has been criticized for being culturally dependent (Cordell and Earls 1982;

Cordell and Plog 1979; Schiffer 1982; Shepard 1942). When conditions prohibit the application

of absolute dating techniques, ceramic cross-dating can be a valuable tool for roughly ordering

sites in time (Plog 1980). The Rio Bonito sites have been dated by the radiocarbon method. In

contrast, several attempts to secure dendrochronological dates have been unsuccessful.

The use of brownwares for ceramic cross-dating has been limited. Ceramic cross-dating, how-

ever, is predicated on the recognition of different temporally sensitive attributes. Bronitsky

(1986:209) noted that "stylistic attributes have often been assumed the most sensitive to temporal

and social variability and the most easily analyzed." Plog (1980) critiqued some assumptions in this

approach, yet most ceramic cross-dating studies have concentrated on highly stylized decorated pot-

tery. Elements of color, style, and decorative change are readily observable diagnostic determinants

and therefore more easily assigned a temporal affiliation than elements of plain brownwares.

Concurrently, decorated wares are traded more extensively than brownwares, and the majority of
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the intrusive ceramics in the Sierra Blanca Region are decorated (Kelley 1984; Vierra and

Lancaster 1987).

The presumed temporal range of Jornada Brownware in the Sierra Blanca Region is from a.d.

900-1300 (Vierra and Lancaster 1987). Whalen (1978, 1980) has suggested earlier dates for

Jornada Brown in the Hueco Bolson. Other brownwares have even greater temporal ranges. A pot-

tery type whose manufacture spans a long period of time is only useful for dating in the broad-

est sense, unless there are some recognizable diachronic differences in the morphological or

technological characteristics of that pottery. The identification of these differences is the primary

focus of this project. The initial step demonstrates that metric variation exists. Subsequent analy-

sis concentrates on the source of the variation.

Archaeological Sites

The research area is located along the Rio Bonito Valley, a semi-perennial drainage from the

eastern slopes of Sierra Blanca in the Sacramento Mountains (Figure 1). The Tularosa Basin and

Hueco Bolson lie to the west of the Sacramento Mountains and the Llano Estacado to the east.

Capitan Mountain is a major laccolith that runs for 20 miles east to west from the eastern slopes

of Sierra Blanca. The study area is in the Upper Sonoran life zone characterized by a pinon-

juniper woodland on the mountain slopes, xeric shrubs and grasses on the valley terraces, and a

riparian community along the Rio Bonito itself (Lebgue and Allred 1985). The Bonito is a narrow

semi-perennial stream with an associated floodplain vegetation.

The most intense prehistoric occupation of the Sierra Blanca Region occurs between a.d. 900

and a.d. 1400 (Kelley 1984). The three sites excavated by the RBAP fall within this range. Each

site has been dated by the radiocarbon method. Good temporal variation exists between the three

sites: LA 37452, the Rio Bonito Pithouse Village site, has an estimated age in the a.d. 1000s

(Vierra and Lancaster 1987:45; Shelley 1990:78); LA 84319, Upper Bonito I, has an estimated age

in the a.d. 1 100s (Jelinek 1952:50; Shelley 1990:98); and the Lower Stanton Ruin, with an esti-

mated age in the late a.d. 1300s (Shelley 1990:32; see Table 9). These sites exhibit a long occupa-

tional span. Consequently, meaningful intersite comparisons can be made that reflect change over

a substantial period of time. The two sites that are the farthest apart temporally are closest togeth-

er spatially. This is useful in providing insights into sources of variation, temporal or spatial.

LA 37452, The Rio Bonito Pithouse Village site, is situated on the south side of the drainage.

It is 0.7 km (0.5 miles) west of the Lower Stanton Ruin. The site was previously excavated by the

Museum ofNew Mexico in 1983 (Vierra and Lancaster 1987). As the name implies, the site contains

at least one pit structure and possibly more. Vierra suggests that this site may have been occupied sea-

sonally, primarily during the growing season (Vierra and Lancaster 1987:49).

LA 84319, Upper Bonito I, is located about 120 m (395 feet) south of the Rio Bonito. The site

consists of a series of boulder concentrations and a large circular depression. The depression is a

large subterranean structure. Such structures have traditionally been interpreted in the Southwest as

ceremonial in function. However, this is a matter of debate (Lekson 1984). The boulder concentra-

tions have been interpreted as habitation structures, both on the surface and semi-subterranean.
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Table 9. Radiocarbon Chronology of Sites Investigated in Study (based on Hood 1994;

Shelley 1991, 1992a, 1992b)

Radiocarbon Calibrated Age Range
Site Context Years B.P. Mean Age (1-Sigma)

Pithouse Village Trash 1070 ±90 A.D. 980 A.D. 886-1021
Upper Bonito I Pit Depression/Roof Support 1050 ±60 A.D. 991 A.D. 900-1021
Upper Bonito I Pit Depression/Trash 890 ± 60 A.D. 1163 A.D. 1034-1221

Upper Bonito I Surface Dwelling/Roof Support 860 ± 70 A.D. 1182 A.D. 1043-1253
Lower Stanton Ruin Trash Pit 620 ± 60 A.D. 1355 A.D. 1300-1410
Lower Stanton Ruin Roof Support 550 ± 70 A.D. 1404 A.D. 1305-1431
Lower Stanton Ruin Inside Hearth 550 ± 50 A.D. 1415 A.D. 1400-1430
Lower Stanton Ruin Inside Hearth 440 ± 50 A.D. 1455 A.D. 1430-1480

Note: All dales from carbonized wood; all radiocarbon analyses performed by Beta Analytic, Inc.; dendrochronological calibration followed methods

outlined by Stuiver and Pearson (1986).

The Lower Stanton Ruin is located near the edge of an alluvial fan on the south side of the Rio

Bonito drainage. The site is a pueblo, either somewhat "U" shaped or a closed rectangle with the

north end badly disturbed. The site has been impacted by both professional and nonprofessional

excavations.

All three sites are primarily habitation sites. They have been interpreted as domiciles with

associated household refuse. The possible exception to this is the large subterranean structure at

LA 84319 (Upper Bonito I). The artifacts recovered during excavation of this structure are house-

hold refuse. They are the result of refuse disposal and post-occupational depositional processes.

Only those artifacts in floor context may be associated with the original use of the structure. These

floor context artifacts have been eliminated from the sample for this site. In addition, Surface

artifacts from all sites have been eliminated from the sample because they lack a firmly dated

context. The sites may vary in their intensity of occupation, but not in primary function, as well

as can be determined from the available information. All available evidence suggests that these

sites are functionally equivalent and following from this I assume that most of the variation in the

brownware assemblages is not a result of different site functions.

Methods

The samples used in this study include all the brownware rim sherds from firmly dated contexts

that are available from the three RBAP sites discussed earlier. Part of the Pithouse Village sample

has been obtained from the Museum ofNew Mexico's collection. This material, excavated in 1983,

is from dated context and is discussed by Vierra and Lancaster (1987). In addition to brownware

samples, red on brown rim sherds and El Paso Polychrome rim sherds are included for analysis

to increase the sample size for the Lower Stanton Ruin. These types, along with some other mini-

mally represented types, are later factored out of the analysis to ensure a homogeneous typological

representation for each sample and to determine the effect of these types upon the overall results.

Table 10 lists the number of sherds included in the samples from each site and the number later

removed from the analysis. All analyses have been performed by the author in the archaeological

laboratories of ENMU.
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Table 10. Frequency of Regional Plain Brownware and Other Ceramic Types

Site

Regional Brownware Rims
Count Percent

Other Rims
Count Percent

All Rims
Count Percent

Pithouse Village

Upper Bonito

Lower Stanton Ruin

129

142

11

66

67

37

67

70

19

34

33

63

196 100

212 100

30 100

This project is an attribute level analysis. Table 1 1 lists the attributes chosen for study and

their respective scales and units of measurement. I attempted to explore internal diversity at the

attribute level rather than ignoring internal diversity, which is a drawback of the typological system.

Attributes highlight variability and are sensitive to change. There are three groups of attributes that

are distinguished by their scales of measurement.

Table 11. List of Attributes and Measurements

Attribute Scale Unit

Vessel Form - Bowl or Jar

Length of Sherd

Width of Sherd

Weight of Sherd

Ceramic Type

Interior Color of Sherd

Exterior Color of Sherd

Sherd Paste Color

Degree of Exterior Polishing

Degree of Interior Polishing

Rim Thickness at Top

Rim Thickness 5 mm. Down
Rim Tapering

Rim Roundness
Rim Flaring

Rim Diameter

Body Thickness

Temper Type

Fire Clouding

Carbon Streaking

Surface Staining

Rim Percentage

Nominal N/A

Ratio mm
Ratio mm
Ratio g
Nominal N/A

Ordinal Munsell

Ordinal Munsell

Ordinal Munsell

Ordinal Classes

Ordinal Classes

Ratio mm
Ratio mm
Ratio Computed
Nominal Classes

Interval Degrees

Ratio mm
Ratio mm
Nominal N/A

Nominal Classes

Nominal Classes

Nominal Classes

Ordinal Classes

Nominal Scale Attributes

All variables are treated as nominal scale attributes. This is due, in part, to the constraints of

sample size. In other cases, the attribute "rim lip shape" (data originally designed to be collected

at an ordinal scale), is reduced to a nominal scale to avoid problems of precision and replication.

Form is determined for each sherd by visual inspection of the relationship between the cur-

vatures of the rim and body sherds. Each sherd is categorized as representing either a jar or a
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bowl. This distinction between bowls and jars is necessary to partition the functional variation,

which may be highly correlated with vessel form. In some instances, when no determination

could be made due to size, sherds are categorized as unassignable.

Each sherd is assigned to the type it most closely resembles within the existing ceramic taxon-

omy for southeast New Mexico. The emphasis is on plain brownwares. Care is taken in statistical

analyses to compare attributes between sites using only Jornada, El Paso, and Roswell Browns, and

then contrast those results with information gained from comparisons using all types.

In addition, each sherd is assigned to a specific temper group. Examination of temper is made

using a binocular microscope on a freshly broken cross-section of a sherd. Temper groups are

highly correlated with types, as temper is a main determinant of type. There are, however, some

intra-type subdivisions because temper within a type can be highly variable. This is most notably

the case with Jornada Brown. Prior to in-depth analysis, 1 temper groups are assigned and divided

into four classes. For the sake of discussion, Groups 1, 2, and 5 are combined into one class, and

Groups 6-10 into another class. The temper groups used for classification are:

Class I

This class includes three groups (1,2, and 5), which represent variations of Jornada temper.

The temper mainly consists of crushed granite rock. It is roughly 60-80 percent angular quartz.

There are 20^0 percent feldspars, usually orthoclase and perthite. Also included is 2-5 percent

biotite or hornblende. All three groups contain the same minerals. The frequency of tempering

materials in Group 1 is very high. The paste is packed full of temper particles, usually angular and

highly variable in size. There appears to be more temper than paste. In Group 2, the particles are

more uniform in size, usually the size of medium-sized particles in Group 1. Group 2's temper

also is less dense and more evenly distributed throughout the paste. Group 5's temper differs from

the others because of the quartz particles present in this division. Group 5's quartz is clear, not

frosted. The particles are small to medium sized and less angular than Groups 1 or 2. The paste

for these groups is usually soft, granular, and friable, with frequent dark cores.

Class II

This class includes Group 3, which is highly correlated with Roswell Brown. It also consists

of crushed granitics with similar mineralogy to Class I. Group 3 differs because the feldspars are

flesh or orange/red colored. The particles are unusually fine with a few larger fragments distrib-

uted evenly throughout, giving the paste a speckled appearance. The paste is usually brown, soft,

granular, and friable.

Class III

Group 4 makes up this class, which is associated with micaceous wares. The mineralogy is

similar to the other groups except Group 4, which contains high percentages of biotite mica. This

mica is observable on the surface and can reach up to 50 percent in the paste. High percentages
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of mica are diagnostic for this group. The surfaces often exhibit a weathered, grainy appearance,

but the paste resembles the other groups except for the mica.

Class IV

Consisting of Groups 6-10, this class is somewhat anomalous and occurs in relatively low fre-

quencies. Group 6 differs because of the presence of fine particles of eolian sand or sandstone and

the light orange, relatively hard paste. Group 7 contains high percentages of large sized, gray or

white opaque quartz particles, with a few very fine particles. The paste is tan or brown in color

and a little harder than the Jornada types. Group 8 has a low frequency of temper, primarily very

fine quartz sand. The paste is very hard (close to vitrification), dark brown, and appears to have

had a high organic content, as inferred from the presence of bugs. Group 9 is characterized by

gray feldspars. The mineralogy is similar to the Jornada groups, but the gray feldspars predomi-

nate. Paste varies in hardness and is usually tan with some gray cores. Group 10 contains mostly

medium sized angular quartz particles with some bits of sherd temper. The paste is hard and gray.

Each sherd is classified according to the nature of its surface treatment. The treatment of the

interior and the exterior of the sherd is categorized as follows: slipped, highly polished, slightly

polished, smoothed, unpolished, scored, roughened, or corrugated.

The attribute rim edge shape distinguishes between different lip forms of rim sherds. This is

not a measure of the overall shape of the rim, but rather a classification of the degree of round-

ness at the rim edge in cross-section. Sherds are categorized as flat, subrounded (neither flat nor

rounded), round, and pointed. No rim edges are perfectly flat or perfectly round. Nearly every rim

could have been placed in the subrounded category, but this classification method virtually

ignores the overall variation present within the sample. Inclusions in the subrounded category are

kept to a minimum. Every effort is made to place a sherd into the flat, round, or pointed shape cat-

egory. The category, which came closest to approximating reality, is used to accentuate variation

rather than ignore it.

The degree ofrim flaring is measured using polar graph paper divided into five degree segments.

Each sherd is held with the base of the rim on the zero line and the amount of flaring is noted where

the top of the rim intersects the graph paper. Flaring to the interior of the vessel is recorded as a neg-

ative number and flaring to the exterior of the vessel is recorded as a positive number. Each sherd is

then grouped into a five degree interval category, either negative or positive, depending on the direc-

tion of the flare. A separate category is used for sherds that did not show any flare.

The presence or absence of a carbon streak is recorded for each sherd. A core carbon streak

is a result of incomplete oxidizing, carbonizing, or reducing atmosphere. A freshly broken cross-

section of each sherd has been examined. A sherd is said to contain a carbon streak if the center

or core of the cross-section exhibits a darker color than the rest of the paste.

The presence or absence of fire clouding is recorded for each sherd. Fire clouding sometimes

refers to smoke blackening, which is a color irregularity occurring during manufacture. Sherds,

exhibiting more than one color, where the second color is not a result of the application of slip or

paint, are recorded as showing the presence of fire clouding.
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The presence or absence of surface staining is recorded for each sherd. Surface staining is

defined by the presence of carbon or other substances adhering to the surface of the sherd. This

kind of staining, unlike fire clouding, is post-manufacture in origin.

Color is recorded for the interior surface, exterior surface, and paste of each sherd. A Munsell

color chart is used to assign a numeric color value. Table 12 lists the color categories and their

respective Munsell color chart labels. The one color that most closely matches that of the sample

in question is selected. In the rare instance that a sherd does not match any of the color categories,

it is placed in the category that it most closely resembles. Recorded colors represent the "normal"

or "original" color of the sample. Color irregularities are noted as fire clouds, but their colors are

not recorded. The purpose of color recordings is to distinguish basic color differences that may

serve as clues to firing techniques and raw material content.

Table 12. Munsell Values of Color Categories

Color Category Munsell

Black N 2.25/3.8% R
Dark Gray 10YR6/1
Gray 5Y 8/1

Light Gray 10YR7/1
White 10YR9/1

Cream 10YR9/4
Tan 10YR8/2
Gray Tan 7.5YR 6/2

Light Brown 7.5YR 5/4

Brown 7.5YR 4/2

Dark Brown 10YR3/1
Light Orange 7.5YR 7/8

Orange 5YR 6/8

Red Orange 1 0R 5/10

Orange Brown 2.5YR 4/4

Red Brown 1 0R 4/4

Dark Red 5R 4/6

Red 5R 5/8

Light Red 7.5R 6/8

Pink 1 0R 7/6

Ratio Scale Attributes

The length of each sherd is measured to the nearest centimeter. Length represents the distance

from the rim to the base of the vessel. Width, also measured to the nearest centimeter, represents

the horizontal distance along the top of the vessel from one side of the rim to the other side. Each

sherd is weighed to the nearest tenth of a gram. These attributes are measurements of the size of

individual sherds. They reveal little concerning processes of ceramic manufacture or use. They

may, however, yield information on post-occupation depositional processes and serve to quantify

statements on size.
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The thickness of each rim is measured in two places. Measurements are taken to the nearest tenth

of a millimeter using a vernier hand caliper at the uppermost edge of the rim (Rim Thickness A) and

5 mm down from the edge of the rim (Rim Thickness B). Measurement of vessel wall thickness is

taken in the same manner on a cross-section of the wall at a point not affected by special treatment,

such as handle application or neck thickening. In some cases, when rims are simply a termination of

the vessel wall (direct rims), the two rim thickness measurements and the vessel wall thickness may

be identical. When collared, the rim is clearly a distinct segment of the vessel (collared rims) and the

three measurements are quite different. As discussed earlier, Whalen (1978, 1980) and others have

attributed the variation in rim and body thickness of brownwares to temporal factors.

Two ratios have been computed to quantify the amount of tapering or thickening on a particular

rim. The formulas for computing the amount of tapering or thickening are:

1) Rim thickness at the top of the rim divided by body thickness; and

2) Rim thickness at the top of the rim divided by rim thickness 5 mm below the top of the rim.

West (1982) uses this first ratio as an attribute, called the rim sherd index, in his work on El Paso

Brown rim sherds collected from Fort Bliss, Texas. He has had limited success demonstrating tem-

poral variation, however. By using both formulas, the two ratios can be compared. This provides

additional morphological information on rims.

Vessel diameter is estimated to the nearest centimeter using a series of concentric circles and

the best fit curve method. This attribute is measured only on those sherds retaining enough of an

arc to be measured. Plog (1981) advocates an alternative method for determining vessel diameter,

but his reasons are not due to a lack of accuracy of the best fit curve method; rather, they are due

to variation imposed by different analysts. This is not a concern in this analysis. Variation in ves-

sel diameters has usually been considered a result of vessel function.

The percentage of each rim is also recorded. This is a measurement of the number of degrees

(out of a possible 360 degrees in the circumference of a vessel rim) that remain on a rim sherd. The

degrees are then converted to the percentage of entire rims and classified into five groups. For

example, a sherd of 180 degrees contains 50 percent of a rim, while a sherd of 45 degrees contains

only 12.5 percent of a rim. This technique attempts to get back to the systemic context (vessels)

from the archaeological or sherd context (Schiffer 1976). This method is useful for determining the

minimum number of vessels within an assemblage or for assessing the reliability of diameter

estimates. The higher the percentage of the rim, the more accurate the diameter estimate.

Intra-Vessel Variation

Multiple measurements have been taken on three partially reconstructed plain brown jars and on

two large Red-on-brown rim sherds to determine how much variation exists over a single vessel.

Rim thickness is measured every 2 cm across the top of the available rim and an equal number of

thickness measurements are taken at varying points on the body of the vessel. Maximum and min-

imum measures of tapering are then computed. High intra-vessel variability negates the usefulness

of inter-site comparisons, as variation between sites would merely be a result of which part of a

vessel happens to be analyzed.
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Refiring Analysis

To initiate this study, a small nip is taken from each sherd with a pair of pliers. These nips are

then refired in a muffle furnace for three hours until the temperature reaches 850°C. All the nips

are fired at the same time to minimize differences in firing technique that might affect the results.

The furnace is held at this temperature for 10 minutes and then the sherds are allowed to cool to

room temperature. Shepard (1965:105) suggests refiring at a temperature between 750-950°C.

The colors of refired samples are recorded using the Munsell color chart. Wilson (1985) notes that

different tempers added to the clay do not affect the refired clay color.

Refiring analysis allows for the basic identification of clay sources present in ceramic pastes.

Sophisticated techniques (such as atomic absorption, x-ray fluorescence, and neutron activation

analysis) provide detailed characterization of clay samples but can be complex and expensive;

sampling can also be problematic. Refiring analysis is used to distinguish or characterize clay

sources on a much coarser level. Refiring can be used on both raw clay and ceramic samples. The

different amounts of mineral impurities (particularly iron) affect the color of oxidized clays. Clay

samples can be compared and different source areas sometimes distinguished on the basis of color

differences. Refiring the clay burns off all the organic material in the form of gas and converts the

iron compounds to their respective oxidized colors (Shepard 1965). Samples that are fired to the

same color do not necessarily have to originate from the same source area because clay deposits

may occur over a wide area. Also, different sources may sometimes fire to the same color. This

study follows the assumption that clays firing to different colors are from different sources.

Statistical Analyses

The data are examined using two computer software statistical packages, SYSTAT: The

System for Statistics 5.0 (Wilkinson 1990) and Tools for Quantitative Archaeology (Kintigh

1991 ). Exploratory statistical data analyses are performed to acquire a preliminary understanding

of the nature of the data set. Relative and absolute frequencies are computed, and measures of

central tendency and dispersion are calculated. Histograms have been produced plotting the dis-

tribution of the data.

As part of this study, I have subjected meaningful variation to statistical tests of significance.

The Tukey HSD post hoc test is used for attributes measured on a ratio scale. This test mimics a

student's T-test for means in independent populations, but avoids the constraints of normally dis-

tributed data. The Tukey test HSD protects against declaring pairs of means as statistically different

when that difference may be a function of sampling error or random variation (Wilkinson 1990).

The Chi Square significance test is used for non-metric, nominal, and ordinal scale attributes. The

results of the statistical analyses are presented next.

Results

Pairwise one-tailed statistical comparisons are made between sites for each attribute, with the

level of statistical significance for these analyses set at 0.05. The tests are first done using only

the three brownware types (Jornada, El Paso, and Roswell) that dominate assemblages in the
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region. Subsequently, the tests are repeated using the entire assemblage (including the decorated

brownware types and other types that are less well-represented). This test is used to ascertain if

the inclusion of these types changes the analytical results. For some attributes that vary with ves-

sel form (such as jar and bowl sherds), comparisons are made separately, while for other attributes

this is not deemed necessary.

Nominal Scale Attributes

For the purpose of comparability, all of the variables in this study are treated as nominal scale

attributes. The following variables are examined and discussed below: Vessel Form, Ceramic

Type, Temper, Exterior and Interior Surface Treatment, Rim Edge Shape, Rim Flaring, Carbon

Streaks, Fire Clouds, Surface Stains, Exterior and Interior Surface Color, Paste Color, Rim

Thickness and Diameter, and Variation within a Single Vessel.

Vessel Form

Tables 13 and 14 display the results for the attribute "vessel form." There are no significant

statistical differences in the number ofjar sherds compared to the number of bowl sherds between

the Lower Stanton Ruin and Pithouse Village (c
2=1.54, p=.215, df=l, n=113). Similar results

occur between the Lower Stanton Ruin and Upper Bonito I (c
:=2.38, p=.123, df=l, n=135) and

between Pithouse Village and Upper Bonito I(c
2
=.78, p=.377, df=l, n=228). The inclusion of

decorated brownwares and minimally represented types in the sample (Table 14) creates statisti-

cal differences between the Lower Stanton Ruin and Pithouse Village (c
2=6.5, p=.011, df=l,

n=188) and between the Lower Stanton Ruin and Upper Bonito I (c
2=12.13, p=<.001, df=l,

n=217). These differences are the result of the influence of Red-on-brown bowls at Pithouse

Village and Upper Bonito I and El Paso Polychrome jars at the Lower Stanton Ruin.

Table 13. Brownware Vessel Form by Site

Site

Jars

Number Percent

Bowls
Number Percent

Total

Number Percent

Pithouse Village

Upper Bonito

Lower Stanton Ruin

74 72

83 66

9 90

29

42

1

28

34

10

103

125

10

100

100

100

Table 14. Vessel Form by Site Using All Types

Site

Jars

Number Percent

Bowls
Number Percent

Total

Number Percent

Pithouse Village

Upper Bonito

Lower Stanton Ruin

96

94

23

60

50

85

65

96

4

40

50

15

161 100

190 100

27 100

71



Matthew Salzer

Ceramic Type

The frequency of Jornada Brown sherds is compared with the combined frequency of sherds

of other types to see if Jornada is dominant at any one site compared to the others (Table 15). A
statistical difference is found between the Lower Stanton Ruin and Pithouse Village (c

2=6.73,

p=.009, df=l, n=226). The comparison between the Lower Stanton Ruin and Upper Bonito I is

not significant (c
2=3.25, p=.071, df=l, n=242), and Pithouse Village and Upper Bonito I are less

different (c
2=2.34, p=.126, df=l, n=408). Although statistical differences do not occur between all

sites, the percentage data indicate that the prevalence of Jornada Brown within ceramic assem-

blages in the region is decreasing through time.

Table 15. Jornada Bi'own Compared to Other Ceramic Types by Site

Site

Jars

Number Percent

Bowls
Number Percent

Total

Number Percent

Pithouse Village

Upper Bonito

Lower Stanton Ruin

121 72

115 66

11 90

29 28

42 34

1 10

103

125

10

100

100

100

Temper

Table 16 depicts the frequencies and percentages of the 10 temper groups at each site. In the

temper analysis, statistical comparisons between sites using Groups 1, 2, and 3 are made. Groups

1 and 2 are the Jornada variants and Group 3 is associated with Roswell Brown. For comparisons

that include the Lower Stanton Ruin, Groups 2 and 3 are combined because there are no Group 3

tempers at the Lower Stanton Ruin. No statistical difference has been found between the Lower

Stanton Ruin and Pithouse Village (c
2=2.3, p=. 129, df=l, n=174) or between the Lower Stanton

Ruin and Upper Bonito I (c
2=8.37, p=.015, df=2, n=328). The difference is mostly attributable to

the presence of more Group 3 sherds at Upper Bonito I.

Table 16. Sherd Counts and Percentages for Each Site by Temper Group

Temper Lower Stanton Ruin Pithouse Village Upper Bonito Total

Group Number Percent Number Percent Number Percent Number Percent

1 7 23 78 40 81 38 166 100

2 14 47 61 31 58 27 126 100

3 14 7 36 17 57 100

4 1 3 9 5 16 100

5 6 3 13 100

6 1 3 7 4 9 4 23 100

7 2 7 17 9 13 6 37 100

8 1 3 9 4 16 100

9 1 3 8 4 15 100

10 3 10 1 1 8 100
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When decorated brownwares are included in the analysis and the temper groups are divided

into Group 1, Group 2, and a combination of all the others, there are no significant differences

between sites. Assemblages at the Lower Stanton Ruin and Pithouse Village are similar (c
2=3.77,

p=.152, df=2, n=225), as they are at the Lower Stanton Ruin and Upper Bonito I (c
2=5.44, p=.066,

df=2, n=242). Pithouse Village and Upper Bonito I assemblages contain almost the same fre-

quencies (c
2=. 84, p=.656, df=2, n=407).

Exterior Surface Treatment

The degree of exterior surface polishing or surface treatment is first compared between sites

using a sample that includes only plain brown jar sherds. For the purposes of comparison, highly

polished and slightly polished sherds are grouped to form one category, and smooth, unpolished,

scored, roughened, and corrugated sherds are combined to form a second category. The results for

jars are found in Table 17. There is a significant statistical difference between the Lower Stanton

Ruin and Pithouse Village (c
2=14.71, p<.001, df=l, n=83) and between Pithouse Village and

Upper Bonito I (c
2=15.97, p<.001, df=l, n=157). There is no significant difference between the

two later sites, Upper Bonito I and the Lower Stanton Ruin (c
2=2.62, p=. 105, df=l, n=92).

Keeping in mind the small sample size for the Lower Stanton Ruin, however, the presence of exte-

rior polish on jars is decreasing through time (from 81 percent at Pithouse Village to 51 percent

at Upper Bonito I to 22 percent at the Lower Stanton Ruin). When all types are included in the

analysis, the percentage data is virtually identical to that of plain brownwares alone, yet the sta-

tistical result for the comparison between Upper Bonito I and the Lower Stanton Ruin becomes

significant (c
2
=5.98, p=.014, df=l, n=l 17). The results of the other two comparisons do not change.

Table 17. Exterior Surface Polishing of Jars by Site

Brownware All Ceramic Types Combined
Polished Unpolished Polished Unpolished

Site Number Percent Number Percent Number Percent Number Percent

Pithouse Village 60 81 14 19 77 80 19 20

Upper Bonito 40 51 41 49 47 50 47 50

Lower Stanton Ruin 2 22 7 78 5 22 18 78

There is less variation in this attribute for bowl sherds (Table 18). There is no difference in the

exterior polishing of brownware bowls between Pithouse Village and Upper Bonito I (c
2=.03,

p=869, df=l, n=71). There are not enough plain brownware bowl sherds from the Lower Stanton

Ruin to permit statistical comparisons. The Lower Stanton Ruin sample contains four bowl sherds

when using all types, two polished and two unpolished. This sample is not significantly different

from that of the other two sites. Interestingly, the Pithouse Village and Upper Bonito I samples,

which are found to be very similar when using only plain brownware bowls, are quite different

when the other types are included (c
2=7.57, p=.006, df=l, n=160).
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Table 18. Exterior Surface Polishing of Bowls by Site

Site

Brownware
Polished Unpolished

Number Percent Number Percent

All Ceramic Types Combined
Polished Unpolished

Number Percent Number Percent

Pithouse Village 13 42 18 58 39 60 26 40

Upper Bonito 16 40 24 60 36 38 59 62

Lower Stanton Ruin NA NA NA NA 2 50 2 50

Internal Surface Treatment

There is no difference in the amount of interior polishing of brownware jars between the

Lower Stanton Ruin and Pithouse Village (c
2=2.49, p=. 115, df=T, n=92) or between the Lower

Stanton Ruin and Upper Bonito I (c
2=.318, df=l, n=92). There is a statistical difference between

Pithouse Village and Upper Bonito I (c
2=28.96, p< 001, df=l, n=157). The results for interior sur-

face polishing of jars have been summarized in Table 19. In general, the jars from the early site

exhibit less interior polishing than the jars from the other two sites. When all types are included,

the results for the comparison between the Lower Stanton Ruin and Upper Bonito I become

statistically significant (c
:=6.32, p=.012, df=l, n=117). The outcome of the other two comparisons

do not change.

Table 19. Interior Surface Polishing of Jars by Site

Site

Brownware
Polished Unpolished

Number Percent Number Percent

All Ceramic Types Combined
Polished Unpolished

Number Percent Number Percent

Pithouse Village 37 50 37 50 46 48 50 52

Upper Bonito 74 89 9 11 82 87 12 13

Lower Stanton Ruin 7 78 2 22 15 65 8 35

There is no intersite difference in the interior polishing of bowls regardless of the typological

sample used. The lack of bowl sherds at the Lower Stanton Ruin limits the comparison to the

other two sites (Tables 20 and 21 ). When all types are considered, the assemblages are very sim-

ilar (c
2=2.43, p=.657, df=4, n=161). Looking at this attribute using only plain brownware bowls,

the assemblages at Upper Bonito I and Pithouse Village are less similar but not significantly

different (c
2=3.91, p=142, df=2, n=71).

Table 20. Interior Surface Polishing of Brownware Bowls by Site

Site

High Polish

Number Percent

Slight Polish

Number Percent

No Polish

Number Percent

Total

Number Percent

Pithouse Village

Upper Bonito

Lower Stanton Ruin

7 24.1

12 28.6

19 26.8

8 27.6

19 45.2

27 38.0

14 48.3

11 26.2

25 35.2

29 100

42 100

71 100
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Rim Edge Shape

This attribute is first examined using only brownware jar sherds. The data are lumped into two

categories, flattened rims and non-flattened rims. There is no significant variation present

between the Lower Stanton Ruin and Pithouse Village (c
2<.001, p=.993, df=l, n=83), between the

Lower Stanton Ruin and Upper Bonito I (c
2=.07, p=.785, df=l, n=92), or between Pithouse

Village and Upper Bonito I (c
2
=.38, p=54, df=l, n=157). When types other than plain brown-

wares are included in the comparisons, the results do not change. This information is summarized

in Table 22. The analysis of bowl sherds is, once again, limited to the two earlier sites (Table 23).

Upper Bonito I contains more flat rimmed bowls than does Pithouse Village. This difference is

statistically significant (c
2= 17.01, p<.001, df=l, n=71) and still applies when the other types are

included.

Rim Flaring

Rim Flaring on jars is an attribute that clearly demonstrates intersite variation (Table 24). For

comparisons between sites, including the Lower Stanton Ruin, two categories are used: ( 1 ) sherds

that flare outward between zero and five degrees and (2) sherds that flare six degrees or more.

Sample size allows for three categories when comparing Pithouse Village and Upper Bonito I

only; they are zero degrees, one to five degrees, and more than six degrees.

This variation appears to be a consequence of the less flared rim assemblage from Pithouse

Village. It is different from both the Lower Stanton Ruin (c
2=8.54, p=.003, df=l, n=83) and Upper

Bonito I (c
2=34.37, p=0, df=2, n=157). There is no significant difference between the Lower

Stanton Ruin and Upper Bonito I (c
2=.08, p=.778, df=l, n=92). The statistical relationship

between these two later sites, however, became significant when more than plain brownwares are

included in the sample (c
2=5.03, p=0.25, df=l, n=l 17). This is a result of the highly flared El Paso

Polychrome jars from the Lower Stanton Ruin. When the other types are included, the Pithouse

Village comparisons remain significant.

There are no statistically significant differences in rim flaring on bowls between sites. Table 25

summarizes the rim flaring data for bowls. Two categories are used. The first is flaring towards

the interior of the vessel and the second combines no flaring and the few examples of exterior flar-

ing on bowls. When the only plain brownware sample is considered, the Lower Stanton Ruin is

excluded from comparison due to small sample size. Pithouse Village and Upper Bonito I have

virtually identical assemblages (c
2=.01, p=.939, df=l, n=71). These results do not change when

all types are included.

Carbon Streaks

Carbon streaks, fire clouding, and surface staining are recorded as presence/absence data. For

these attributes, jars and bowls are not treated separately. There are intersite differences in the

presence or absence of carbon streaks. This variation is a result of the lack of carbon streaks in

the Lower Stanton Ruin assemblage (Table 26). The Lower Stanton Ruin is significantly differ-

ent than both Pithouse Village (c
2
=5.6, p=018, df=l, n=140) and Upper Bonito I (c

2=9.41,
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p=.002, df=l, n=153). There is no difference in this attribute between Pithouse Village and Upper

Bonito I (c
:=2.12, p=.146, df=l, n=271). None of these statistical relationships change when dec-

orated brownwares and other minimally represented types are included in the comparisons.

Fire Clouds

For this attribute, the statistical results are different from those for obtained for carbon streak-

ing. In both cases, the Lower Stanton Ruin has the lowest percentages of carbon streaking and fire

clouding (Table 26 and 27). Lower Stanton Ruin browrrware is not significantly different in the

frequency of fire clouding from the Pithouse Village brownware (c
2=1.85, p=.174, df=l, n=140)

or Upper Bonito I (c
2=.46, p=.5, df=l, n=153). In addition, Upper Bonito I and Pithouse Village

have different fire-clouding frequencies (c
:=4.75, p=.029, df=l, n=271). The presence of fire

clouding may be a function of the size of the sherd being examined. Larger sherds have more sur-

face area and, consequently, tend to exhibit more fire clouding. In fact, sherds from Upper Bonito

I are, on average, smaller than sherds from Pithouse Village (see ratio scale attributes: length,

width, and weight). The statistical results for fire clouding and carbon streaking are, in part, a

reflection of the small sample size from the Lower Stanton Ruin.

Surface Stains

The results of the intersite statistical comparisons for surface staining echo those for carbon

streaks. The source of the variation is the stained plain brownware assemblage at the Lower

Stanton Ruin. The frequencies and percentages are somewhat reversed, with a high presence of

staining at the Lower Stanton Ruin, as opposed to low percentages of streaking (Tables 28 and

26). Nevertheless, the Lower Stanton Ruin is, once again, different from both Pithouse Village

(c
2=4.05, p=.044, df=l, n=140) and Upper Bonito I (c

2=7.04, p=008, df=l, n=153). There is no

difference between Pithouse Village and Upper Bonito I (c
2=1.72, p=. 19, df=l, n=271). When

other types are added, the statistical relationships change for Lower Stanton Ruin's comparisons.

The Lower Stanton Ruin is no longer different from Pithouse Village (c
2=1.78, p=. 1 82, df=l,

n=226) or Upper Bonito I (c
2=2.8, p=094, df=l, n=242). Pithouse Village and Upper Bonito I

remain different, however.

Exterior Surface Color

For all intersite color comparisons (exterior, interior, and paste), the original 20 color cate-

gories were combined into three sets: Groups 1-8 (grays); Groups 9-1 1 (browns); and Groups

12-20 (oranges). With only plain brownwares and with all types, there are significant statistical

differences in exterior surface color between all sites (Table 29). For brownware comparisons

only, the Lower Stanton Ruin and Upper Bonito I are the most different (c
2= 17.46, p=0, df=2,

n=153). LRS is also different from Pithouse Village (c
2=7.82, p=.02, df=2, n=134), and Pithouse

Village is different from Upper Bonito I (c
2=6.87, p=.032, df=2, n=265). In general, the Lower

Stanton Ruin has a higher percentage of grays than the other sites, Upper Bonito I has more

oranges, and Pithouse Village has more browns.
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Table 29. Exterior Surface Color_by_ Site

BROWNWARE
iGrays Browns Oranges

Site Number Percent Number Percent Number Percent

Pithouse Village 12 9.8 71 57.7 40 32.5

Upper Bonito 7 4.9 68 47.9 67 47.2

Lower Stanton Ruin 4 36.4 6 54.5 1 9.1

Total 23 8.3 145 52.5 108 39.1

ALL CERAMIC TYPES
iGrays Browns Oranges

Site Number Percent Number Percent Number Percent

Pithouse Village 21 10.7 104 53.1 71 36.2

Upper Bonito 16 7.5 92 43.4 104 49.1

Lower Stanton Ruin 9 30.0 14 46.7 7 23.3

Total 46 10.5 210 47.9 182 41.6

Interior Surface Color

Table 30 displays the results for this attribute. Significant variation in interior surface color

occurs between the Lower Stanton Ruin and Pithouse Village (c
2=6.79, p=.033, df=2, n=140) and

between the Lower Stanton Ruin and Upper Bonito I (c
2=l 1.14, p=.004, df=2, n=153). There is

no difference between Pithouse Village and Upper Bonito I (c
2=1.79, p=409, df=2, n=271 ). When

all types are included in the analysis, the statistical relationships do not change. The variation is

a result of more grays and fewer oranges at the Lower Stanton Ruin.

Table 30. Interior Surface Color by Site

BROWNWARE
Gray'S Browns Oranges

Site Numlaer Percent Number Percent Number Percent

Pithouse Village 16 12.4 61 47.3 52 40.3

Upper Bonito 11 7.7 74 52.1 57 40.1

Lower Stanton Ruin 4 36.4 6 54.5 1 9.1

Total 31 11.0 141 50.0 110 39.0

Site

ALL CERAMIC TYPES
Grays Browns

Number Percent Number Percent

Oranges
Number Percent

Pithouse Village 24 12.2 83 42.3 89 45.4

Upper Bonito 14 6.6 91 42.9 107 50.5

Lower Stanton Ruin 9 30.0 15 50.0 6 20.0

Total 47 10.7 189 43.2 202 39.0

80



Variation in Mogollon Brownwares of the Sierra Blanca

Paste Color

When considering brownwares, there are no significant statistical differences in paste color

between sites (Table 31). The assemblages at the Lower Stanton Ruin and Upper Bonito I are sim-

ilar (c
2=2.66, p=.265, df=2, n=153) with predominantly orange pastes, despite the fact they are

very different in exterior and interior surface colors. Pithouse Village has a higher percentage of

gray pastes than the other sites (46 percent), but still is not significantly different than Upper

Bonito I (c
:=3.21, p=201, df=2, n=139). When all types are considered, the relationship between

Pithouse Village and Upper Bonito I become significant (c
2=8.37, p=.015, df=2, n=408) even

though there are only slight shifts in percentages.

Table 31. Sherd Paste Color by Site

BROWNWARE
Grays Browns Oranges

Site Number Percent Number Percent Number Percent

Pithouse Village 59 46.1 16 12.5 53 41.4

Upper Bonito 55 38.7 11 7.7 76 53.5

Lower Stanton Ruin 2 18.2 2 18.2 7 63.6

Total 116 41.3 29 10.3 136 48.4

Site

ALL CERAMIC TYPES
Grays Browns

Number Percent Number Percent

Oranges
Number Percent

Pithouse Village 84 42.9 35 17.9 77 39.3

Upper Bonito 85 40.1 20 9.4 107 50.5

Lower Stanton Ruin 7 23.3 6 20.0 17 56.7

Total 176 40.2 61 13.9 201 45.9

Rim Thickness A

Rim thickness is an attribute that clearly shows intersite differences (Table 32). There is sig-

nificant variation between all sites. The Lower Stanton Ruin and Upper Bonito I are different

(p<.001, n=153), as well as the Lower Stanton Ruin and Pithouse Village (p<.001, n=140), and

Pithouse Village and Upper Bonito I (p<.001, n=271). While the means for rim thickness for each

site are different, they also display a thickening sequence through time. Measured in tenths of mil-

limeters, means range from 30.8 mm at the Pithouse Village site (early) to 39.4 mm at Upper

Bonito I (middle) to 50.1 mm at the Lower Stanton Ruin (late). There is no change in the results

of the means comparison tests when all types are considered.

Rim Thickness B

The significant variation for this attribute is a result of the lower mean value at Pithouse

Village, 42.3 mm as opposed to 50.5 mm and 53.3 mm for the Upper Bonito I and Lower Stanton

Ruin respectively (Table 33). The means for the two later sites are not different (p=529, n=153),
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whereas, Pithouse Village is different from both the Upper Bonito I (p=0, n=271) and Lower

Stanton Ruin (p=0, n=140). The inclusion of all types in the analysis does not change the results.

Table 32. Rim Thickness A by Site (tenths of mm)

Site Number

BROWNWARES

Minimum Maximum Mean
Standard

Deviation

Pithouse Village

Upper Bonito

Lower Stanton Ruin

129

142

11

18

15

30

64

64

84

30.8

39.4

50.1

7.3

9.4

16.3

Site Number

ALL TYPES

Minimum Maximum Mean
Standard

Deviation

Pithouse Village

Upper Bonito

Lower Stanton Ruin

196

212

30

18

15

30

64

81

84

30.8

39.0

49.4

6.7

10.3

16.1

Note: Measurements for the attribute Rim Thickness A were taken as close to the top edge of the rim as possible.

Table 33. Rim Thickness B by Site (tenths of mm)

Site Number

BROWNWARES

Minimum Maximum Mean
Standard

Deviation

Pithouse Village

Upper Bonito

Lower Stanton Ruin

129

142

11

24

34

41

68

75

76

42.3

50.5

53.3

7.9

8.1

11.1

Site Number

ALL TYPES

Minimum Maximum Mean
Standard

Deviation

Pithouse Village

Upper Bonito

Lower Stanton Ruin

196

212

30

24

32

36

68

88

79

41.8

49.7

52.4

7.3

9.0

11.1

Note: Measurements for the attribute Rim Thickness B were taken 5 mm down from the edge of the rim.
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Vessel Wall Thickness

The Lower Stanton Ruin and Pithouse Village contain almost identical values for this attribute

(p=995, n=140). Significant intersite variation is a result of the higher mean value (thicker vessel

walls) in the Upper Bonito I assemblage (Table 34). Upper Bonito I is significantly different from

Pithouse Village (p<.001, n=271) and not significantly different from the Lower Stanton Ruin

(p=.091, n=153). Considering all types, mean values change enough for the Upper Bonito I-

Lower Stanton Ruin comparison to become significantly different (p=.001, n=242). The results of

the other comparisons do not change.

Table 34. Vessel Wall Thickness by Site (tenths of mm)

Site Number

BROWNWARES

Minimum Maximum Mean
Standard

Deviation

Pithouse Village

Upper Bonito

Lower Stanton Ruin

129

142

11

29

32

25

76

85

66

49.7

55.5

49.5

8.8

9.3

12.6

Site Number

ALL TYPES

Minimum Maximum Mean
Standard

Deviation

Pithouse Village 196 29 76 49.5 8.7

Upper Bonito 212 32 85 53.9 9.5

Lower Stanton Ruin 30 21 75 47.2 14.6

Rim Tapering

There are significant statistical differences between all three sites for this attribute. Tapering

values are calculated for each sherd by dividing top of rim thickness by vessel wall thickness. The

Lower Stanton Ruin is very different from both Pithouse Village (p=0, n=140) and Upper Bonito I

(p=0, n=153). The Pithouse site is also quite different from Upper Bonito I (p=.003, n=271).

The tapering averages for each site (Table 35) display a sequence, with values increasing or rims

becoming less tapered at the later sites. The 1.21 mean value at the Lower Stanton Ruin actually

designates rim thickening as opposed to tapering. There are no differences in the statistical rela-

tionships with the addition of all types. In addition, the results of the second tapering ratio, top of

rim thickness divided by lower rim thickness (5 mm down), mimics, almost exactly, the results of

the first tapering ratio.
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Table 35. Summary Statistics for Rim Tapering

Site Number

BROWNWARES

Minimum Maximum Mean
Standard

Deviation

Pithouse Village 129 0.31 1.11 0.63 0.14

Upper Bonito 142 0.36 1.47 0.72 0.19

Lower Stanton Ruin 11 0.48 3.36 1.21 0.9

Site Number

ALL TYPES

Minimum Maximum Mean
Standard

Deviation

Pithouse Village 196 0.31 1.11 0.63 0.14

Upper Bonito 212 0.36 1.57 0.74 0.21

Lower Stanton Ruin 30 0.38 3.36 1.26 0.81

Note: Rim Tapering values derived from the formula: Rim Thickness A divided by Vessel Wall Thickness.

Rim Diameter

The source of the variation for this attribute is the assemblage at the Lower Stanton Ruin,

whose vessels exhibit a larger vessel opening than those at the other sites. Means range from 13.46

and 14.02 at Pithouse Village and Upper Bonito I to 18.50 at the Lower Stanton Ruin (Table 36). The

Lower Stanton Ruin is significantly different from both the Pithouse Village (p=.019, n=110) and

Upper Bonito I (p=.043, n=117) sites. The assemblages at Pithouse Village and Upper Bonito I

are not significantly different from this attribute (p=.707, n=21 1). The inclusion of all types does

not change the statistical results.

Table 36. Summary Statistics for Rim Diameter (cm)

Site Number

BROWNWARES

Minimum Maximum Mean
Standard

Deviation

Pithouse Village 102 5 31 13.46 5.56

Upper Bonito 109 5 29 14.02 4.65

Lower Stanton Ruin 8 13 26 18.5 4.75

ALL TYPES

Site Number Minimum Maximum Mean
Standard

Deviation

Pithouse Village

Upper Bonito

Lower Stanton Ruin

153

168

23

4

5

4

31

35

29

13.34

13.29

17.04

5.55

4.98

6.12
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Rim Percentage

Intersite statistical tests have not been performed for this attribute due to the small Lower

Stanton Ruin sample size and the belief that the results would be a redundancy of the other size

attributes (length, width, weight). Table 37 displays frequencies and percentages of the rim per-

centages for each site. At least 90 percent of the rims examined contain 10 percent or less of a

complete vessel rim for each site. This calls into question the reliability of estimates of vessel ori-

fice diameter. Attempts to estimate the minimum number of vessels does not seem realistic con-

sidering the large amount of small sherds (sherds with 1-5 percent complete vessel rim).

Table 37. Percentage of Vessel Rim Intact

Site

1-5 Percent

Number Percent

BROWNWARE
6-10 Percent

Number Percent

11+ Percent

Number Percent

Brownware Total

Number Percent

Pithouse Village 62 48 55 43 12 9 129 100

Upper Bonito 67 47 66 46 9 7 142 100

Lower Stanton Ruin 6 55 5 45 11 100

Site

ALL TYPES COMBINED
1-5 Percent 6-10 Percent

Number Percent Number Percent

11+ Percent

Number Percent

All Types Total

Number Percent

Pithouse Village 101 52 75 38 20 10 196 100

Upper Bonito 100 47 98 14 14 7 212 100

Lower Stanton Ruin 13 43 15 2 2 7 30 100

Intra-Vessel Variation

The maximum intra-vessel variation in rim thickness discovered from the three brownware

jars and two Red-on-brown bowls is 0.5 mm. Compared to the difference in the means for rim

thickness between sites (approximately 2 mm difference between the Pithouse Village and Lower

Stanton Ruin), there is more intersite variation in rim thickness than can be explained by intra-

vessel variation.

Body thickness, on the other hand, varies as much as 2.5 mm on an individual vessel. The

greatest intersite difference in vessel body thickness is approximately 0.6 mm. In short, the effects

of intra-vessel differences in wall thickness are substantial. Intra-vessel variation in rim thickness

should not affect inter-site comparisons, however.

The highest and lowest possible rim tapering values computed for the individual vessels. On
highly variable vessels, the tapering values range from 0.5-0.87. This difference is greater than

the variation in means between Pithouse Village and Upper Bonito I. The difference in tapering

between the Lower Stanton Ruin and the other sites is not approached in the intra-vessel variation.

The Lower Stanton Ruin mean (based on thickening and not tapering), is sufficiently different. Rim

thickening and rim tapering are not likely to be present on the same vessel. Tapering values, rim

thickness values, and especially body thickness values vary on individual vessels. The use of large

sample sizes, however, tend to diminish the effects of individual vessel heterogeneity.
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Refiring Analysis

Table 38 presents the results of the refiring analysis. Statistical tests have not been performed

on these data. The majority of the color differences noted are only minor. Differences of one color

value are not considered diagnostic, even if significant intersite variation exists. A local raw clay

sample, gathered from Fort Stanton Cave, has been fired to the same color as the majority of the

refired sherds. The lack of color differences between sites supports an interpretation of the uti-

lization of local clay resources derived from the chemically weathered limestone of the region.

This finding is consistent with the temper analysis, which also demonstrates a high degree of

similarity between sites in temper use.

Conclusions

The information in Table 39 summarizes the statistical differences between sites for the dif-

ferent attributes and shows the effect of increasing the sample size to include more than plain

brownwares. The inclusion of all types in the sample changes the statistical results for nine attrib-

utes. In the future, limiting analyses to plain brownwares is recommended. The inclusion of other

types introduces unnecessary sources of variation. Relatively large samples are required, however.

Meaningful statements cannot be made from the analysis of only a few sherds.

At this point, one should note that a more traditional typological approach could have been

employed as an effective method, if the objective is merely temporal and the sample sizes are large.

The relative frequencies of the ceramic type Jornada Brown decline through time. Determining the

percentage of Jornada Brown in site assemblages can be a useful way to place sites in time.

Nevertheless, this in no way invalidates or diminishes the additional value of attribute analyses. With

an attribute analysis, the "fuzzy" nature of the existing brownware ceramic typology is avoided.

Also, sites that contain only brownwares or only one type of brownware can be dated.

Temporal Variation

Rim thickness averages display a temporal sequence; average rim thickness increases through

time. Means, as shown in Figure 23, range from 3.1 mm (for the early site) to 3.9 mm (for the

middle site) to 5 mm (for the late site).

A ratio has been computed to quantify the amount of tapering or thickening on a particular

rim. A value of one represents a straight, non-tapered, non-thickened rim. A value below one is

tapered, and a value above one represents a thickened rim. The results for tapering are similar to

the rim thickness results. Highly tapered rims occur at the early site, less tapered at the middle

site, and thickened rims are found at the later site. For this attribute, values for the first two sites

are somewhat similar, but there is a clear difference between the later site and the earlier two

(Figure 24).

The degree of outward rim flaring is measured using polar graph paper divided into five-

degree intervals. The significant variation for this attribute is limited to jars. Only 9.5 percent of

the jars at the early site show flaring, whereas the middle and late sites have 49.4 percent and 44.4

percent, respectively (Figure 25). On the basis of this sample, jars became more flared sometime
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between the early and middle sites, and then rims become thickened sometime between the middle

and late sites. This rim variation in thickness, tapering, and flaring could be interpreted as stylistic

change over time.

Thickness (mm)

6
-

5
-

2 -

PHV-900S UB-1100S LSR-1300S

Sites and Occupation Dates

Figure 23. Rim Thickness Means (+/-) One Standard Deviation.

The exterior polishing ofjars is an attribute that clearly shows intersite temporal, or possibly

functional variation. The amount of exterior polishing decreases through time. At the early site,

81 percent of the jars are polished, 51 percent are polished at the middle site, and 22 percent at

the late site (Figure 26). This variation might be due to the potters paying less attention to the

brownwares as the use of decorated wares increases. In other words, while functional differences

do not occur within the sites, perhaps there are some functional differences in brownware usage

between sites. Early jars may have been used more for storage, and the exterior polishing helps

to create a more impenetrable container, especially if the sites are seasonally occupied or storage

needs are high. Also, later cooking vessels may have been less polished for better heat exchange

or for better griping purposes. These questions require additional problem-specific testing.
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Tapering Value

2.5

1.5

0.5

PHV-900's UB-1100's LSR-1300's

Sites and Occupation Dates

Figure 24. Rim Tapering Means (+/-) One Standard Deviation.

Polishing on the interior ofjars at the rim level shows an opposite trend from exterior polish-

ing. It increases from 50 percent at the early site to 89 percent and 78 percent at the middle and

late sites respectively (Figure 27). Concurrently, the diameter of the vessel openings increases

slightly as does rim flaring. As might be expected, interior polishing is positively correlated with

the size of the vessel orifice, which provides accessibility to the interior of the vessel.

In conclusion, at the Pithouse Village (early site) brownware rims are thinner and more tapered.

Jar rims are less flared, and are polished on the exterior as opposed to the interior. The Upper

Bonito I site (middle site) contains rims that are not quite as thin or quite as tapered. Jars exhibit

less polishing on their exterior surfaces, and a high degree of flaring. Brownware rims at the Lower

Stanton Ruin (late site) are thicker and have straighter walls. They show a thickening at the edge

of the rim as opposed to tapering. Jars show even less polishing on their exterior surfaces, and

roughly the same amount of flaring and interior polishing as those from Upper Bonito I.
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Spatial Variation

The refiring study and temper analysis both fail to show significant differences between sites,

confirming that local resource exploitation, at least of clays and tempers, does not change over

time. Clays are locally derived from chemically weathered limestones and tempers are almost all

crushed granitic rock.

Another aspect of ceramic production technology—the firing process—may have changed

over time, however. The color differences in the sherds may reflect the use of different fuels at the

different sites. Pinon and juniper are the two main species of trees available as fuel for prehistoric

potters. Pinon, valuable as a food resource as well as a construction material, burns at a hotter

temperature than juniper, but it is not as readily available at lower elevations. Use of the cooler-

burning juniper at the Lower Stanton Ruin could account for the darker, less oxidized, less thor-

oughly fired brownware at this later site.

Distinguishing samples of brownware rim sherds temporally will create smaller chronologi-

cal units and help prehistoric cultural reconstructions in the region. Distinguishing rim sherds has

provided a significant insight into the chronology of the Sierra Blanca Region; whether or not it will

work elsewhere remains to be tested, however. Increased chronological control will help in the study of

the: (1) growth and collapse of local pueblo societies and (2) shifts in settlement patterns and sub-

sistence practices, as well as (3) help answer questions regarding changes in the orientation of social

interaction and trade. Because of the illegal collecting of decorated pottery, the number of sites con-

taining temporally nondiagnostic pottery will increase. Therefore, the importance of temporally dis-

tinguishing brownware will also increase. Using plain brown pottery to place archaeological sites

in time would be a step toward a more complete understanding of the cultural landscape and the

people who once inhabited it.
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Figure 25. Percentage of Jars with Rim Flaring.

91



Matthew Salzer

100%

80%

60%

40%

20%

0%
PHV-900S UB-1100S LSR-1300s

Sites and Occupation Dates
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Chapter 8

Decorated Ceramic Diversity
Lourdes Aguila

The decorated ceramics used in this research are part of the artifact assemblage recovered dur-

ing the 1988 and 1991 field seasons, and include samples from four activity loci at the three

sites. In addition, the Pithouse Village site (LA 37452) sample includes material from a 1983

excavation by the Museum of New Mexico (Vierra and Lancaster 1987). The data obtained from

the fieldwork, the subsequent analyses performed on these data by ENMU students and others,

and the research inspired by these data (Anderson 1993; Browne 1993; Coleman 1991a, 1991b;

Kilby and McNally 1994; Salzer 1992; Wilcox 1995) have been invaluable in providing back-

ground material for this research.

The Problem

The current study represents an attribute-level analysis of the decorated ceramic samples

recovered from three sites situated along the Rio Bonito, on the Fort Stanton Reservation.

Radiocarbon dates indicate good temporal variation between the sites, yet because of their rela-

tively close proximity to each other, they are related by spatial and environmental variables.

Pottery is characterized by a large number of attributes that can be described at all levels of

measurement: nominal, ordinal, and interval (Rice 1989:1 1 1). These attributes can be grouped into

broad systems according to their relationship to the ceramic subsystem. The primary ceramic attrib-

ute systems are variously defined by attributes relating to ceramic resources (kind, particle size, and

amounts of raw materials); manufacturing technology (forming and firing techniques); vessel form

(bowls and jars); decoration (style); use (function); and depositional context (Rice 1989: 111).

The ceramic attribute data generated by this study is used to test hypotheses of cultural evo-

lution, ceramic function and production, and the standardization of manufacturing technology at

the intrasite and the intersite level. The results of these analyses should suggest the direction and

degree of ceramic change in the area through time.

Expectations of the Research

In this research, I attempt to answer questions regarding diachronic change in the ceramic sub-

system of the study area using diversity measures in the context of a Darwinian evolutionary

model. Evolution is defined as diachronic change in attribute frequency. At this intersite level, an

increase in the number of decorated ceramic types is expected to indicate evolution within the

ceramic subsystem. At the intrasite level, increased homogeneity in individual decorated types is

expected to indicate standardization of ceramic production.

The three sites investigated by the RBAP are differentiated by time of occupation, yet because

of their close proximity to each other, they are related by spatial and environmental variables.

95



Lourdes Aguila

This combination of factors provides a rare opportunity to control certain attribute systems (e.g.,

those affecting environmental variation) while documenting inter-assemblage variability.

Before presenting the hypotheses on which this research is based, the concepts of richness and

evenness should be discussed. Richness addresses the number of classes within a group; or from

a pottery perspective, the greater the number of types within a ceramic ware, the greater the diver-

sity or richness of the ware. Evenness refers to the number of individuals within a class. As the

number of individuals becomes more equal within each class, the more even the group. The

greater the differences between class, the more uneven the group becomes.

Statement ofHypotheses:

The analysis proposed herein will test the following general hypotheses:

Diachronic Ceramic Change (Evolution)

The within-site frequency of decorated ceramic types will increase through time. As a result,

within-site pottery type richness will increase through time;

The within-site diversity of decorated ceramic types will increase through time. As a result,

within-site type heterogeneity will increase through time; and

Selection will alter the within-site frequency of decorated ceramic types through time. As a

result, within-site type evenness will decrease through time.

Production and Standardization

The within-type frequency of decorated ceramic attributes will decrease through time. As a

result, within-type attribute richness will decrease through time;

The within-type diversity of decorated ceramic attributes will decrease through time. As a

result, within-type attribute heterogeneity will decrease through time; and

Selection will alter the within-type frequency of decorated ceramic attributes through time. As

a result, within-type attribute evenness will increase through time.

Time and Function

There is no significant difference between the within-type wall thickness of sherds through time;

There is no significant difference between the within-type wall thickness of sherds of

different vessel forms through time; and

There is no significant difference between the within-type temper composition of sherds

through time.

The Approach

Traditionally, the evolutionary paradigm in archaeology has had a transformational perspec-

tive. Types simply are transformed into, and sometimes replaced by other types (Hull 1965).

Under this essentialist, or typological, framework types are assumed to exist as discrete phenomena

grouped by shared characteristics (Dunnell 1989). Sets of entities are viewed as real, and relations
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between units within a set are explained by causal mechanisms without reference to space or time

(O'Brien et al. 1994; Sober 1984).

Darwinian evolutionary theory views change as a selective rather than a transformational

process (Dunnell 1980:38). In Darwinian terms, evolutionary change is the result of a two-step

process: (1) the production of undirected variation in traits subject to transmission and (2) the sort-

ing of these traits by means of differential success of the variant forms over time (Rindos 1989b:8).

Thus, the requirements of evolution are variation, a process for transmission (heredity), and a

method for selection (Rindos 1989b:3). Change in direction, increased diversity, and periods of

stability are all possible outcomes of the selective process. Observed cultural evolution is the

result of these changes interacting with the totality of the system (Rinndos 1989b: 16).

In a Darwinian framework, evolution is accomplished not by the replacement of one type by

another, but by changes in the frequency of individual attribute states within specific analytical

dimensions (traits) through time. The result is the differential proliferation of types bearing traits

that are capable of inducing relatively greater adaptational success than those present in other

types in the same evolving population (Rindos 1989a:23).

Evolutionary explanations of change revolve around how and why external processes cause

evolution. Relations between and among phenomena are bound by temporal and spatial con-

straints, and "types" are not conceived of as empirical entities but as specific analytical entities

(Dunnell 1988). Variability is defined along a continuum. As long as analytical boundaries are

held constant, discrete, observable variation between and among phenomena is defined as change.

The causal mechanism for change is not attributed to the phenomena being studied but is seen

as external, embedded in the theoretical system of selection working on variation (Dunnell 1987).

The major source of variation is the recombination of already existing traits (Rindos 1989b:8).

Variability, in and of itself, is seen as neither particularly significant nor important. Sufficient vari-

ability exists within the system to provide evolutionary change with all of the "raw material" it

requires (Rindos 1989a:22). Variability does not represent explanation, but rather is a means of

approaching explanation.

Through time, natural selection acts on the existing variation, altering the relative frequency

of discrete traits (rather than the form of a particular trait) by means of differential survival and

proliferation (Dunnell 1980:38). Thus, explanation of diachronic change is to be found in the

attempt to understand the selective forces themselves. This is accomplished by answering the

questions of what the selective forces are and how they function to bring about the observed

change. As Rindos (1989a:22) points out:

Selection is not merely the 'weeding out' of maladaptation; it is also the 'positive

selection' of advantageous traits by means of their relatively greater rate of increase.

Hence, differences in the relative abundance of variant forms (whether 'merely' vari-

ation, or the consequence of long episodes of evolution) in space or over time become

the empirical basis on which the action of evolutionarily significant selective forces

may be studied ... change in diversity is evolution (emphasis in the original).
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In general evolutionary terms, variation is generated independently of adaptive needs.

Selection acts upon variation, selecting for those traits that increase adaptive fitness within the

system. Within a cultural system, the generation of potentially selectable traits is tied to factors of

individual human creativity, decision making processes, experimentation, and biases, which are

themselves culturally bound and determined.

Although cultural information is learned, transmitted, and selected by individuals, evolution

occurs not at the level of the individual. It is the population, and therefore the culture, that evolves

(e.g., Boyd and Richerson 1985; Ghiselin 1974, 1987; Hull 1976;).

Identification ofAdaptive Behavior

O'Brien and Holland (1992) distinguish three categories of objects and behaviors behind the

manufacture and use of adaptations. These include: (1) those behaviors which increase adaptedness

and are under selective control (true adaptations); (2) those behavioral patterns which increase

adaptedness but are not under selective control; and (3) those behaviors which do not increase adapt-

edness and are not under selective control. True adaptations tend to exhibit temporal-frequency

curves markedly different from the stochastic patterns created by traits not under selective control

(Dunnell 1978; O'Brien and Holland 1992). Traits that increase adaptive advantage can be expect-

ed to proliferate among succeeding generations, which then reach a plateau as the trait is fixed in

the population, and those which rapidly decline as they are replaced.

Diachronic Ceramic Change

Ceramic change through time is both fundamental and continuous, and occurs at varying rates

(van der Leeuw 1991:18). Archaeological explanation of ceramic change through time must take

into account all variation. The total diversity of the sample is understood to be the result of the

interaction of all factors affecting the system. As a result, the analysis of diversity changes may

permit the reconstruction of functional (e.g., production technology or actual behavior) as well as

historical (e.g., 'costumbre' or ideal behavior) aspects of the record.

The variance of the frequency of occurrence of certain traits through time can be used to

demonstrate which traits are being selected against (O'Brien et al. 1994). This does not explain

the meaning of the measured variation, however. We cannot know a priori which traits are under

selective control, or the selective forces that might have brought about change in the past.

In a ceramic subsystem (particularly the decorated ceramic complex), selection in systemic

context might be at least partly directed by the emblematic and/or aesthetic value of the

design/style. This style and its associated traits categorizes a vessel or sherd into a recognizable

emic "type" in an archaeological context. This type of selection for aesthetically "desirable" traits

might be interpreted as analogous to sexual selection among biological organisms.

Other selective mechanisms might be expected to target functional attributes. For example,

those mechanisms which affect a vessel's ability to perform its basic function for which it was

manufactured. Such selective pressures, at work in the ceramic subsystem, may originate with

cultural changes in the morphology or function of specific vessels, or they may stem from key
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technological innovations (e.g., the shift from an oxidizing to a reducing firing atmosphere) that

alter the subsystem as a whole (Neff 1992).

Ceramic Types

The concept of ceramic types is based on the observation that sufficient distinguishing attributes

exist among certain vessels/sherds to characterize them as part of a specific group (phenotypic

archetype). Typological analysis identifies archetypes, and objects are then matched against the

archetype to determine eligibility for inclusion to the group.

In a typological framework, measures of central tendency are used to segregate the observed

variation into significant and non-significant kinds in order to extract the "essentiar nature of

types (Dunnell 1989). Evolutionary archaeology focuses on variable properties, common to certain

groups of entities, which have the propensity for evolutionary change (Dunnell 1971).

Application: Diversity Indices

Diversity indices are mathematical formulae, devised specifically for ecology, but which may

be applied to any data set composed of objects or measurements which may be assigned to class-

es (Rindos 1989a: 13). The concept of diversity has been successfully applied as an analytical aid

to summarize variability in archaeological assemblages (e.g., Braun 1985; Hagstrum 1985;

Kintigh 1984; Leonard and Jones 1989; Rice 1981; Whallon 1968).

Diversity indices measure the structure of the distribution of cases among categories of data, not

their content or meaning (Dunnell 1989:142; Rindos 1989a: 13). Thus, measures of diversity do not

provide direct answers about the data set, but instead provide the means for answering such questions.

In general, the concept of diversity is related to the number of classes of items present in an

assemblage. In ecological terms, diversity is a function of both the number of classes (species)

present and of the uniformity of the distribution of relative abundance of the classes (Kintigh

1989:25-26).

Interpretation of the concept of diversity depends on two major groups of indices, each of which

supplies different information about the structure of the data. First-order indices are calculated

directly from the data. Furthermore, they consist oftwo independent properties of the data set, which

are represented by the number of classes (richness) and the proportion of individuals in each class

(evenness). Heterogeneity (a second-order index derived from richness and evenness) denotes the

structure of the diversity arising jointly from the proportion of the number of individuals to the num-

ber of classes (Dunnell 1989:143).

In any assemblage, the more equitable the distribution of individuals among the species, the

greater its evenness. Species diversity increases as the number of species increases and the num-

ber of individuals in the local population are more evenly distributed among them (Putman and

Wratten 1984; Smith 1990). Applied to archaeological samples, diversity indices can be used to

assess the variation in a nominal variable or artifact type, and to compare the relative diversity of

two or more samples. A ceramic sample composed of sherds of many types is more diverse than

one in which the sherds represent only a few types.
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Likewise, if the same number of types is present in two samples, the sample is more equitable

if it has a similar number of sherds in each of the types. In other words, this sample is less diverse

than the one in which the types have a dissimilar number of sherds. For archaeological assem-

blages, this implies that characteristics of the data set such as sample size, taxonomic classes, and

taxonomic level, must meet certain preconditions that are independent of the analysis itself.

Sample Size

The relationship between area and species abundance has been demonstrated (e.g., Williams

1943). As archaeological analogy, the number of types in a ceramic sample can be said to increase

as the total recovery area increases. Therefore, calculating actual type diversity depends on com-

plete inventory of the population, and interassemblage comparisons are limited by comparable

size/area requirements.

Archaeological collections seldom meet either criteria. Instead, Bobrowski and Ball (1989:5-6)

suggest that a valid alternative is to assume that the relationship between species and individuals, or

types and sherds, is constant and quantifiable within communities (samples).

Diversity indices are based on the assumption that species abundance distributions are essentially

logarithmic, and can be manipulated to provide relative values for intercommunity comparison

(Putman and Wratten 1984). Various measures of species diversity have been devised that numeri-

cally describe a quantifiable relationship between classes and individuals within an area (e.g., Odum

et al. 1960; de Caprariis et al. 1976).

The four most commonly used diversity measures are the Shannon Information Index (Pielou

1977; Shannon and Weaver 1949), the Brillouin Diversity Function (Brillouin 1962; Pielou 1977),

the Simpson Index of Concentration (Pielou 1975; Simpson 1949), and the truncated lognormal

distribution (Preston 1948; 1962). In the current study, type diversity measures will be calcu-

lated for each site, using all of the above indices for purposes of comparison.

As the whole of the decorated ceramics analyzed consists of four samples of unequal sizes, the

truncated lognormal distribution will be used to determine values for each independent measure

(Preston 1948). Application of this index to the different samples is expected to calculate the

degree of truncation (the number of ceramic types missing in the sample but present in the popu-

lation) specific to each sample, and permits an estimation of ceramic richness and evenness to be

calculated for each site.

Taxonomic Classes

Although still the subject of philosophical debate (e.g., Ghiselin 1974, 1987; Hull 1976; Mayr

1988), biological species, for which diversity measures have been originally devised, are generally

accepted as "real," or natural empirical entities. Conversely, archaeological types and the problems

inherent in the development and application of an archaeological taxonomy, have been the subject

of intradisciplinary contention for some time (e.g., Dunnell 1971; Ford 1954; Rouse 1960;

Spaulding 1953).
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Archaeological ceramic types are arbitrary entities. Although the archaeologist, who is ana-

lyzing a sherd collection, may intuitively recognize specific ceramic "types" on the basis of

observable characteristics (phenotype), the potters who made the vessels might have viewed them

as belonging to several different emic categories (e.g., Arnold and Nieves 1992).

Evolutionary archaeology views "types" as constantly changing entities subject to the same

evolutionary processes as biological entities. From an evolutionary perspective, types are strictly

units of analysis, formed by the intersection of non-overlapping attribute states of dimension, and

selected solely on the basis of analytical need (Dunnell 1971).

For purposes of this analysis, decorated ceramic types have been selected. Criteria for selection

include the following: (1) "decorated" and "non-decorated" types are assumed to be intuitively clear,

broad, emic categories; (2) decoration is seen as the product of adaptive behavior under selective con-

trol; (3) decorated vessels have been demonstrated to be more chronologically sensitive markers than

non-decorated vessels; and (4) decorated vessels have been demonstrated to be functionally different

from non-decorated vessels.

Taxonomic Level

The diversity of a specific ceramic assemblage depends on whether the ceramics constitute

whole pots (systemic context) or sherds (archaeological context). Whereas a number of whole

vessels clearly represent each vessel as a separate entity, an equal number of sherds may represent

only one vessel or several vessels.

Most archaeological collections, including the samples analyzed in this research, consist of

sherds and other fragmentary evidence. In order to calculate the minimum number of vessels pres-

ent in a sherd assemblage, analysts have relied on subsets based on such diagnostic fragments as

rim or base sherds. Due to the size of the assemblage analyzed for this study, however, dividing

the sample into subsets has not been attempted.

Analytical Considerations

This section examines the concept of local ceramic production, which postulates that some

wares, such as Chupadero Black-on-white and Lincoln Black-on-red, may have been manufac-

tured locally. To better examine this question, the three study sites, Rio Bonito Pithouse Village

(LA 37452), Upper Bonito I (LA 84319), and Lower Stanton Ruin (LA 69102) are discussed.

Local Ceramic Production

Although direct evidence of local ceramic production is lacking, patterned variation in the

form, decoration, and raw material of specific types suggests local manufacturing of popular

tradewares (e.g., Wiseman 1975). Locally manufactured wares include Chupadero Black-on-

white, Capitan variant (Plate 8), and Lincoln Back-on-red (Kelley 1984).

Three Rivers Red-on terracotta and El Paso Polychrome appear to have been imported in

small quantities from the Tularosa Basin. In contrast, the higher numbers of St. Johns

Polychrome, Heshotauthla Polychrome, and other Glaze I types from the Rio Grande indicate a
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Plate 8. Chupadero Black-on-white, Capitan variant, Bowl from Upper Bonito I (LA 84319).

more regular exchange between societies to the north and west than those to the south. This position

is supported by fewer Gila Polychrome and Chihuahuan types as well (Kelley 1984:53).

Bloom Mound, an excavated Lincoln phase site on the Rio Hondo that appears to have been

destroyed by fire, may have been a trading center for the region. Analysis of the Bloom Mound

assemblage, including faunal remains, suggests ties to the Pecos Valley as well as the El Paso

area (Kelley 1984:44).

The Sites

The three sites excavated by the RBAP are located on the alluvial sediments and soft gravel

pediments of the Rio Bonito. All three sites are structural, and appear to have been primarily habi-

tation sites, although the large pit structure at Upper Bonito I, TA 1, may have served other func-

tions during the late a.d. 900s (Shelley 1992a:6).

Radiocarbon dates obtained from the three sites indicate distinct temporal variation between

them (Table 40). The sites span the period between approximately a.d. 900-1400. When the cal-

ibrated mean ages are considered, an apparent hiatus is evident between a.d. 1200 and 1400.

Whether this gap represents local abandonment or sampling error is yet to be determined

(Shelley 1992a:6).
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Table 40. Radiocarbon Chronology of Sites Investigated in Study (based on Hood 1994;

Shelley 1991, 1992a, 1992b)

Radiocarbon Calibrated Age Range
Site Context Years B.P. Mean Age (1-Sigma)

Pithouse Village Trash 1070 ±90 AD. 980 A.D. 886-1021

Upper Bonito I Pit Depression/Roof Support 1050 ±60 A.D. 991 A.D. 900-1021

Upper Bonito I Pit Depression/Trash 890 ± 60 A.D. 1163 A.D. 1034-1221

Upper Bonito I Surface Dwelling/Roof Support 860 ± 70 A.D. 1182 A.D. 1043-1253

Lower Stanton Ruin Trash Pit 620 ± 60 A.D. 1355 A.D. 1300-1410

Lower Stanton Ruin Roof Support 550 ± 70 A.D. 1404 A.D. 1305-1431

Lower Stanton Ruin Inside Hearth 550 ± 50 A.D. 1415 A.D. 1400-1430

Lower Stanton Ruin Inside Hearth 440 ± 50 A.D. 1455 A.D. 1430-1480

Note: All dates from carbonized wood; all radiocarbon analyses performed by Beta Analytic, Inc.; dendrochronological

calibration followed methods outlined by Stuiver and Pearson (1986).

Rio Bonito Pithouse Village

The Rio Bonito Pithouse Village site is located on the south and east sides of the drainage. It

is situated approximately 1,542 m (5,059 feet) amsl, on the first terrace above the modern stream

channel (Kilby and McNally 1994). Excavated in 1983 by the Museum of New Mexico, Vierra

and Lancaster (1987) report the remains of at least one, and possibly as many as three, pit structures

and associated material.

LA 37452 represents the earliest constructed habitation site in the study area. Vierra and

Lancaster (1987:49) have suggested that the site is occupied seasonally, primarily during the agri-

cultural growing season. Artifact and radiocarbon analyses indicate an Early Glencoe or Corona

phase occupation.

Vierra and Lancaster (1987:45) have obtained a calibrated radiocarbon age of a.d. 1065 ± 17

for this site. Mean radiocarbon dates, obtained from charcoal recovered during the 1988 test exca-

vation by RBAP, yield a calibrated radiocarbon age ranging from a.d. 886-1024 (Shelley 1992a:9).

Upper Bonito I

Upper Bonito I is located approximately 5 km (3 miles) west of the Fort Stanton Hospital and

120 m (394 feet) south of the Rio Bonito (Jelinek 1952; Kelley 1984; Shelley 1991 ). The site con-

sists of a series of boulder concentrations and a large circular depression. Test trenches in both the

boulder concentration and the pit structure have been excavated by the RBAP in 1988 and 1991.

The boulder concentrations have been interpreted as the remains of aboveground and/or semi-

subterranean habitation structures. The depression indicates a large subterranean (pit) structure,

possibly a kiva (Shelley 1991).

Radiocarbon ages obtained from LA 84319 suggest a range from a.d. 900-1021 for the pit

structure (TT 1) and from a.d. 1043-1253 for the boulder concentration in TT 2 (Shelley

1992a:9). Ceramic sedation dates coincide with the radiocarbon determinations, indicating a

Corona-Lincoln phase occupation (Kelley 1984).
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Lower Stanton Ruin

The Lower Stanton Ruin is located on an alluvial fan on the south side of the Bonito drainage,

0.7 km (0.4 miles) east of LA 37452. It is located on a grassy clearing surrounded by stands of

juniper, at approximately 1,844 m (6,050 feet) amsl (Kilby and McNally 1994:28).

The site consists of the remains of several adobe surface structures (Jelinek 1955; Kelley

1984; Shelley 1991). The surface has been badly disturbed by both archaeological excavations

and pot-hunting. Despite this disturbance, aerial photographs and on-site mapping suggest that the

structures originally occur in a rectangular or shallow U-shaped plan, with the open portion facing

east and downslope (Shelley 1991:23-26).

LA 69102 represents the latest occupation in the study area. Ceramic sedation suggests a

Lincoln phase affiliation (Kelley 1984). Radiocarbon determinations indicate that the site ranges

between a.d. 1305-1431 (Shelley 1992a:9).

Theoretical Considerations

The analysis of archaeological ceramics plays an integral part in the reconstruction of past

lifeways. More than any other category of evidence, archaeological ceramics offer the most abundant

and potentially useful source of information about the past (Redman 1991 :v).

The ceramic subsystem has been described as a channel for the flow of information between

the environment and human beings (Arnold 1985:16). Ceramics also provide a medium for the

dissemination of ideological and/or social structural information between members of a society.

Ceramics are a highly specialized part of the techno-economic subsystem of culture, helping

the system adapt to and modify the environment for cultural purposes. The ceramic "subsystem"

has not only systemic relationships with other aspects of culture, but is also systematically tied to

the larger ecosystem (Arnold 1985:16).

Because of the availability of clay as a primary raw material and the relative simplicity of the

technology for preparing, forming, and firing a ceramic vessel, societies at almost every level of

complexity have produced pottery for a wide variety of tasks. The variety in which pottery can

be fashioned—its brittleness, which guarantees frequent breakage and disposal, and the great

durability of its crystalline structure—makes it particularly suitable for classification (Shepard

1942:334).

Traditional pottery studies have focused on temporal and/or spatial-specific attributes of

shape, temper, and decoration primarily for the purposes of chronological seriation and culture

historical classification (e.g., Ford 1935; Kidder 1931; Nelson 1916). The archaeological importance

of pottery, however, goes well beyond the systematics of culture history.

As the products of manufacturing systems, pots bear evidence of how they are manufactured.

As components of the visual environment, they often acquire style or decoration, and so bear evi-

dence of aboriginal aesthetics and the organization of prehistoric social networks. As manufactured

goods, they often serve as a media of exchange or of barter in the marketplace, and so can reveal

some of the characteristics of ancient economic networks (Braun 1983:108).
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Most importantly, pots are tools, made to function as containers. Their morphology, composition,

and, to a lesser extent, their decoration, are constrained by their intended context and conditions of

use (see Braun 1983; Bronitsky and Hamer 1986; Dunnell 1978; LeBlanc and Kahlil 1976; Minnis

1985; Rice 1984; Rye 1976; Steponatis 1984).

The effectiveness of ceramic vessels as tools is conditioned by attributes of manufacturing

technique, vessel morphology, and paste composition (Braun 1983:108). The potter, therefore,

must select between available choices of raw materials, manufacturing techniques, decoration,

and vessel form. These choices are made in accordance with the relative labor and material costs,

the desired life-expectancy and intended use of the vessel, and the need or demand for the final

product (Braun 1983; Matson 1965; van der Leeuw 1976).

Sources of Ceramic Variation

Culture, like all systems, has ontological characteristics: changes in one part of the system

will create transformations in other parts of the system (Rappaport 1971). Variability is the result

of the interaction of mutual amplification mechanisms that affect changes in all levels of the

ecosystem. Recognizing and understanding this variability in artifact assemblages creates analytical

contrasts at all levels of the archaeological data, thus generating as many dimensions of interpreta-

tion as possible (van der Leeuw 1991).

The term variation is herein defined as the extent to which a thing differs with another, where-

as a variable refers to that which is susceptible to change (Hayward and Sparkes 1982). From this

perspective, variation uniquely relates to the phenomena perceived in the study of ceramic vessels

and pottery sherds, and variables refer to those parameters that may conceivably be responsible for

the observed variation.

Thus, variation in the color, shape, or size of a vessel may be due to differences in such

ceramic variables as the physical properties of the clay and/or temper used, the kinds of tools

and techniques employed in the manufacture and/or finishing of the vessel, the types of fuel

utilized during the firing process, and even the social and economic structure of the society which

produced the pot (van der Leeuw 1991:24).

Variation in archaeological ceramic assemblages is a reflection of the prehistoric potter's

compromises (selection) in the articulation of certain ideas (shape, function, and style) with cer-

tain substances (clay, temper, and water), and the use of certain technologies (shaping, finishing,

drying, and firing) to complete a vessel (van der Leeuw 1991:12). Changes in the life histories of

archaeological artifacts are tied inextricably to changes in the behaviors involved in the manufac-

ture and use of the artifacts (Schiffer 1976). Variation in mechanically sensitive attributes of pro-

duction, morphology, and composition, therefore, suggests differences in the relative importance to

the potter of the factors conditioning the compromise (Braun 1983:109).

Variation may occur in any number of variables, but can be distinguished only in the context of

the underlying observed similarity. There may be, and often is, covariation in many of the variables

distinguished by the archaeologist. In fact, the study of these (positive or negative) correlations and

contrasts is one of the major tools available for the reconstruction of the social, behavioral,
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technological, and other factors that are ultimately responsible for the finished pot (van der Leeuw

1991:23-24).

At the assemblage level, the degree of variability has been used to infer the degree of standard-

ization (see Balfet 1965; Hagstrum 1985; Rathje et al. 1978; Rice 1981; Rottlander 1966, 1967; van

der Leeuw 1977). Despite this pattern in modern culture, without knowledge of meaningful emic

categories, reliable assessments of standardization are difficult to make (Longacre et al. 1988).

Standardization must be understood relative to the meaning of the ceramic variability in a specific

tradition or locale, not with reference to an abstract, absolute standard of reduced variability (Arnold

andNieves 1992:95).

Behaviorally meaningful emic classes that might be observable in systemic context are often

obscured by the various transformations affecting archaeological context. Multiple emic categories

might overlap and become invisible in scatter plots of metric attribute data. In this analysis, only the

decorated ceramic types are used, instead of the entire ceramic sample. This is intended to reduce

the potential source of error inherent in emic/etic categories, by limiting interpretation to the broad

category "painted wares."

The degree of variability in a ceramic assemblage is determined by the interrelationship

between one or more of the following sources of variation, which include stochastic, idiosyn-

chratic, temporal, and functional variation.

Stochastic Variation

Stochastic, or non-patterned, variation results from random, unintentional differences in the final

product due to the processes of hand-forming, finishing, drying, and firing of the pot (Rice 1987;

Rye 1981; Shepard 1942). Causal factors influencing random variation include the level of skill or

experience of the potter, the selection of clays of different composition, and the differential effects

of open-air firing (Longacre et al. 1988).

Idiosynchratic Variation

Idiosynchratic variation is defined as consistent, patterned differences resulting from the indi-

vidual motor habits of the potter, or the intentional "personalization" of the product by the potter

(Rice 1987; Rye 1981; Shepard 1942). Excessive variability in production is generally limited by a

combination of factors, including intended use; consumer preferences; and costumbre, traditional

ideas about the "proper" way to do things (Reina and Hill 1978; Rice 1989:1 1 1).

Temporal Variation

Temporal variation results from directed, differential selection of specific variables (such as

raw material and design style among others) over time (Shepard 1942; Rice 1987). Certain ceramic

morphological types are diagnostic of temporal and spatial boundaries. These time-markers have

proven amenable to ceramic seriation, and are therefore valuable for the purposes of constructing

a chronology and cross-dating a site (Thomas 1989).
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Functional Variation

At the artifact level, differences in vessel shape, stylistic, and manufacturing attributes may

reflect differential use/function of the vessel. Ethnographic data (e.g., Fontana et al. 1962; Hill 1937;

Kroeber and Harner 1955; Rogers 1936; Russell 1975; Spier 1970;) support the observation that

plain and corrugated wares are used primarily as cooking vessels. In contrast, painted wares serve

nonculinary functions, such as serving and storage. Likewise, a change in the traditional use/purpose

of a specific type of vessel may be reflected as differences in its morphological attributes.

The proposition that different raw materials with particular physical properties are used for

functionally different types of vessels is supported by ethnographic and experimental data

(Ericson et al. 1972; Feathers 1989; Kingery 1955; Matson 1965; Schiffer 1990; Shepard 1971;

Teltzer 1993). An example of this may be found in ceramic studies dealing with porosity and thermal

shock (Bronitsky 1984; Bronitsky and Hamer 1986; Shepard 1971). Porosity in a clay body is direct-

ly related to the size of particles used as tempering agents, and inversely relates to the amount of

variation in the size of the particles. High porosity in the body of a ceramic vessel increases its

permeability making it more resistant to thermal shock. Following from this, coarser-tempered

vessels tend to be used as cooking pots, whereas dense, fine-tempered vessels are most often used

for storage and transport.

Ethnographic data also supports the observation that particular vessel forms tended to be used

for particular types of activities (Arnold 1985; Smith 1985). Large, close-mouthed jars were used

as storage containers, while shallow, open bowls and platters tended to be useful as serving or

food-preparation vessels (Braun 1985). These observations predict covariation between attributes

of paste, temper, and vessel form characteristics.

At the assemblage level, intrasite spatial variation in the frequency and distribution of certain

attributes may indicate task-specific areas, where different kinds of activities may have required

the use of different types of vessels. The determination of activity areas through analysis of the

ceramic assemblage, however, depends on the accurate identification of de facto (primary) versus

secondary refuse, and on the archaeologist's interpretation of the systemic versus the archaeological

context of the assemblage (see Binford 1964; Braun 1985; Bronitsky 1984; Bronitsky and Hamer

1986; Henricson and McDonald 1983; Kingery 1982, 1987; Montgomery and Reid 1990; Simek 1987,

1989; Schiffer 1972, 1976, 1983, 1989, 1990; Steponatis 1984;Teltser 1993; vanderLeeuw 1984).

Settlement-subsistence systems also affect the spatial variability of ceramic assemblages in a

number of ways. Intersite ceramic assemblage variability will be affected by factors of a site's

seasonality and function, as well as the economic strategy employed by the people.

Ethnographic data suggest that vessels produced for the trade market often are markedly

different from vessels produced for local consumption (e.g., Arnold 1987).

Technological Variation

Variation introduced into the manufacturing process results from innovation and differential

selection of "traditional" production techniques; for example, coil versus slab forming; or oxidiz-

ing versus reducing firing atmosphere (Rice 1987; Rye 1981; Shepard 1942). Variation in firing
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technology, for example, has been correlated with variation in use-function (see Teltzer 1993).

Often, morphological attributes such as vessel size and/or shape are not arbitrary. Rather, they are

dictated by size constraints imposed by a range of factors from the size of the potter's hands to the

kinds of tools employed to fashion the vessels themselves. These tools may include gourds, corncobs,

shells, flakes, and smooth polishing stones.

Stylistic Variation

Decorative variation results from a number of interrelated factors (Plog 1980:13). Style,

Whallon (1968:223) has argued, "has many aspects and levels of behavior which may be analyt-

ically distinguished and measured." For this reason, causal explanations of stylistic variation are

complex, and different theories of style have been developed to explain variation in different

design attributes (Kintigh 1985).

Several authors have argued that, in evolutionary terms, style is adaptively neutral (Dunnell

1978; Neiman 1995). Although in a sense independent of direct environmental constraints, what

is conceived of as "style" is subject to selective control, and may function as a mechanism to

increase the adaptedness of humans within the cultural system (e.g., Wobst 1977).

The temporal-frequency curve of stylistic adaptations, far from exhibiting the random pattern

of traits not under selective control, creates the same pattern as do true adaptations. This is why

we can recognize "style zones" characterized by temporal and spatial variation, and why stylistic

design analysis has long been employed as a tool for chronology building and delineating spatial

interaction (Plog 1980; Shepard 1942, 1965).

Normative explanations for stylistic differences emphasize the importance of learning in the

transmission of stylistic varieties. In other words, transmission represents behavior between gen-

erations. Diffusion is suggested as "the basis of transmission between social units not linked by

regular breeding behavior" (Binford 1965:204).

The concept of cultural drift (Binford 1963, 1965; Cleland 1972) is based on the assumption

that stylistic variation is a result of the social context of the artisans making the artifacts, the social

context in which the artifacts are used, or both (Binford 1965:206). As a result, the locus of vari-

ation is found in social units of different sizes. This variation "may arise from a traditional way

of doing things within a family or a larger social unit, or it may serve as a conscious expression

of between-group solidarity" (Binford 1965:206).

In contrast to Binfor's (1965) approach, social interaction theory argues that the locus of varia-

tion is the individual (Deetz 1965; Friedrich 1970; Hill 1970, 1977, 1978; Longacre 1964, 1970;

Plog 1980; Washburn 1977; Whallon 1968). Stylistic variation is explained as the result of varying

spheres of interaction between one individual with other individuals. These degrees of interaction

are determined by degrees of relationship between organizational units such as residence groups,

lineages, clans, and villages. The smaller and more closely tied the social aggregate, the more

similarity of design that will be shared (Longacre 1970:28).
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A different explanation suggests that the primary source of variation in stylistic attributes

results from differences in motor habits between individuals (Hill 1977, 1978; Hill and Gunn

1977). Hill ( 1970: 100) suggests that such variation, although subconscious, is constant, and it can

be used to distinguish between individual prehistoric potters.

In contrast, information exchange theory (Conkey 1978, 1980; Hodder 1977, 1979, 1982;

Kintigh 1985; Weissner 1967; Wobst 1977) views style as both functional and adaptive. This ori-

entation views stylistic behavior as a cultural phenomenon, which should be investigated in terms

of the function such behavior performs in the cultural system as a whole (Wobst 1977). Variation

in stylistic attributes is explained as a form of social display or advertising behavior that not only

encodes information about the identity of the maker or user, but also potentially about social

group membership, status, wealth, religious beliefs, and political ideology (Braun 1985).

From this perspective, the quantity of stylistic behavior can be assumed to increase as the size

of the social network in which an individual participates expands (Plog 1980; Weissner 1967; Wobst

1977). This implies that the most widely distributed artifacts will be those containing messages of

group affiliation or boundary maintenance. In addition, information exchange theory emphasizes the

social context of the use and manufacture of the pottery, because "it is those artifacts seen by more

individuals that are most appropriate for the transmission of stylistic messages" (Wobst 1977:330).

Information exchange theory predicts that the greater the physical distance between two spatial

units (sites), the lower the degree of stylistic similarity between the units. Over time, innovation and

cultural drift can be expected to produce variation in ceramic designs. Pottery, because of its high

degree of visibility, short use-life and ease of transport, may have served as a means of communi-

cating solidarity between groups and boundary maintenance. Perceived temporal trends in style

zones could be interpreted as the result of changes in the mode of ceramic production and exchange

through time (e.g., specialization and/or centralization of production and exchange).

With increasing specialization, the number of style zones can be expected to decrease through

time, design homogeneity within regions would increase, and boundaries between zones would

become sharper (Plog 1980:138-139). Homogeneous style zones with increasingly similar stylis-

tic attributes at sites within the zone can be expected to have evolved as a response to external reg-

ulatory mechanisms during times of stress, increasing population, warfare, and agricultural inten-

sification (Whallon 1968).

Trade and Exchange

Attempts to explain variability in a ceramic assemblage must first determine whether the pottery

was made locally or obtained through trade or exchange. Corollary to this, archaeologists distinguish

between zones of resource production versus zones of resource distribution (Arnold 1985).

Petrographic and chemical analyses have proven useful in locating sources of ceramic raw

materials and documenting prehistoric exchange (e.g., Hays and Hassan 1974; Neitzel and Bishop

1990; Porat et al. 1991; Stoltman 1991). The first petrographic analysis of Southwestern pottery

was Shepard's (1942, 1965) study of glaze-painted wares from Pecos pueblo. She later expanded
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these studies to include sherds from other sites in the Rio Grande Valley. Shepard's (1965:68)

original goal was to test the utility of optical petrology in identifying mineral inclusions in pottery.

The initial, intensive analysis of design and rim attributes of the Pecos glaze-paint wares gives

no indication that the ceramics are not produced locally (Kidder and Kidder 1917). The results of

Shepard's analyses of Pecos sherds indicate that the tempering material in "a significant proportion

of the pottery" could not have been obtained locally, but must have been imported by the inhabitants

of Pecos pueblo. Concurrently, the petrography of the Rio Grande Valley sherds suggests that ceram-

ic exchange is not only common in the area prehistorically, but that, at one time, the production of

glaze-paint wares is centrally controlled in the Galisteo Basin (Shepard 1965:81).

These and other ceramic studies (e.g. Danson and Wallace 1956; Judd 1954; Shepard 1939;

Warren 1969, 1981) not only indicated that ceramic exchange was common in the prehistoric

Southwest, but that large numbers of vessels moved between areas. Furthermore, in areas where

frequent ceramic exchange was documented, ollas and large, corrugated jars appeared to be the

most frequent vessel forms exchanged. This ran counter to the idea that decorated vessels, small

jars, and bowls that can be easily nested within each other were the primary items of trade (Colton

1973:88-89; Colton and Hargrave 1937:27; McGregor 1965:101; Whittlesey 1974).

Whereas petrographic, chemical, and other analyses were invaluable in distinguishing sources

of ceramic raw materials, they could not distinguish exchange between geologically similar areas,

between different communities in a single area, or between households within a single community

(Plog 1980). Even in situations where high quality raw materials were generally available and local

ceramic manufacture could be documented, trade in ceramics may still be an important avenue of

social interaction. Although the analysis of ceramics from archaeological contexts was principally

concerned with vessels (or, more often, sherds), the prehistoric importance of exchange might have

been in the contents of the vessel rather than in the vessel itself (Arnold 1985).

Variation in "intrusive" assemblages results from differences in interregional and intraregion-

al contacts between populations, and suggests differential sources of trade and exchange of goods.

Intraregional contacts between groups, even ifno actual trade is involved, can result in direct inno-

vations and/or in the selection of single attributes or attribute clusters, so that the morphological char-

acteristics of the pottery can be misleading as to the actual locus of production (Shepard 1965).

Environmental Variation

Variation in resource availability results in differentiation in ceramic attributes. Ceramic

resources subject to environmental variation include clays of acceptable workability, tempering

materials, decorative pigments and glazes, and fuel for firing the finished vessel.

Also, directly related to ceramic production is the availability of sheltered areas for the safe

drying, storing, and firing of vessels, and the suitability of other environmental variables such as

temperature, wind, and humidity (Rye 1981). Consequently, local climatic shifts, which affect

these variables, may be reflected as changes in the local ceramic subsystem.
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Sherds as Unit ofAnalysis

Most archaeological questions involving ceramics and human behavior relate to complete,

unbroken vessels. Concurrently, ceramic theory derived from ethnographic data is based on obser-

vations on the manufacture and use of whole vessels (see Rye 1976).

In lithic reduction industries, each fragment of debitage has behavioral significance beyond

the finished projectile point; each flake represents a specific action by a specific flint worker to

achieve a specific result. In ceramic industries, vessels constitute the artifact, and parallels exist

between the flint knapper and ceramist.

The archaeological importance of sherds is not intrinsic, but resides in the behavioral significance

of the vessel as artifact. The sherd does not represent a specific action or a finished product, and is

rarely identifiable as a byproduct of artifact manufacture. The sherd may be defined as a fragment, of

unspecified magnitude and morphology, of a vessel (Cook 1972; Lekson 1977; Lekson and

Cameron 1975).

The sherd as a unit of analysis is not specific to either typological or attribute-based classifica-

tion, yet in almost all archaeological situations, both typological and attribute-based classifications

are applied to sherd collections (Cook 1972; Keighley 1973). Sherd counts are conducted routinely

and are included in every analysis. This is a necessary part of assemblage classification, yet as

quantitative units, sherds have no meaningful empirical referent. Sherd counts depend largely

upon breakage rates, which in turn depend upon the physical characteristics, morphological traits,

and the functional nature of the whole vessel. In addition, sherd counts are dependent upon the

nature and intensity of the forces causing the breakage (Chase 1985).

In addition to the fragmentary nature of sherd collections, the irregularities (which occur in

hand-formed pottery), the depositional and other transformational processes (which affect the

archaeological record), and sampling error make inferences concerning whole vessel characteristics

from sherds difficult (Binford 1981; Cherry et al. 1978; Schiffer 1972, 1983, 1987). To be useful,

quantitative measures of pottery should take into account the differences between systemic and

archaeological context. In addition, the processes that turn a population into a sample need to be

taken into account; and these measures should behave consistently under a variety of such

processes (Orton 1982; Schiffer 1989). In this regard, Orton (1982:2) suggests that:

. . .the value of a measure of quantity should be seen in terms (a) of its behavior as an

estimator of the proportions of different types of pottery in an assemblage, expressed

by its bias and variability (either as standard deviation or combined into the mean

squared error) or more generally by the frequency distribution of the estimate that it

produces, and (b) of its behavior in comparing such proportions from different

assemblages, which may have been created under a wide variety of circumstances.

For quantitative analysis, the relationships between the relevant measure of complete vessels

(such as number, weight, and capacity) and the directly observable measures of sherd quantity

must be determined. Alternative quantification strategies are therefore necessary to infer behavior

from ceramic sherd assemblages.
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Several approaches have been developed to translate a collection of sherds into a quantity of

vessels. These approaches can be divided into two groups: ( 1 ) those which seek to measure the

number of vessels and (2) those which seek to measure the amount of pottery as such (Orton 1982).

The first approach seeks to estimate the number of vessels of each type represented in a col-

lection of sherds. This approach considers all vessels to be equal in a quantitative sense (Orton

1982:1). Various estimates include calculation of minimum number of vessels, in which vessels

are reconstructed as far as possible (Vince 1977). Fragments which do not join, but which are con-

sidered to be part of the same vessel are so counted. Following from this, the "groupability" of

sherds on the basis of physical characteristics have proven difficult to quantify experimentally,

and may represent a possible source of error (Chase 1985).

A variant of this estimate (maximum number of vessels) also depends on the reconstruction

of a vessel. Sherds, which do not recognizably belong to the same vessel, are counted as separate

vessels. As the first approach generally underestimates the number of containers, the second gen-

erally overestimates the number of vessels represented. As a result, various combinations of the

two have been used by archaeologists (Orton 1982).

Another method of estimation relies on the use of vessel equivalents. In theory, this method

requires each sherd to be expressed as a fraction of a complete vessel. To arrive at vessel estimates,

these fractions are summed. In practice, this is rarely possible, and estimated vessel equivalents are

calculated based on proportions of rim and/or basal sherds, handles, or other distinctive features

(Egloff 1973; Orton 1975).

The second approach seeks to measure the amount of pottery present, counting large and/or

heavy vessels as more pottery than small and/or light ones. Some experimental studies have

focused on breakage patterns of vessels of different technological, functional, and morphological

characteristics in order to determine quantitative relationships between sherd and vessel quantities

(Chase 1985; Kirby and Kirby 1976).

In archaeological assemblages, such a relationship is problematic due to the potential for error

and bias introduced from differential rates of breakage and/or incomplete recovery. Chase

(1985:217) suggests that the number of sherds is not a reliable estimator of the number of whole

vessels. This is because the number of sherds (into which a container breaks) depends on the

weight and other physical properties of specific vessels, rather than the total number of vessels.

Therefore, in any assemblage made up of vessels of different weights, the number of sherds is

likely to reflect the weight and other morphological attributes of the vessels rather than their number.

For well-documented ceramic types, average weights of whole vessels and specific vessel

forms in museum and other collections can be computed. These can then be compared to weight

percentages in the sherd assemblage (Baumhoff and Heizer 1959; Evans 1973; Lekson and

Cameron 1975; Solheim 1960). Application of this process is problematic, however, due to the

wide range of within-type variability, which exists in most prehistoric hand-formed wares.

Other related measures such as surface area (Hulthen 1974), displacement volume (Hinton

1977), and capacity (Ericson and De Atley 1976; Ericson and Stickel 1973) have been suggested.

These and other studies make it clear that specific measures of sherd quantity reflect specific
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measures of whole-vessel quantity. For purposes of this analysis, both sherd counts and sherd

weights will be used, as these two measures have been shown to generate more information

together than either separately (Hinton 1977; Millett 1980; Solheim 1960).

Methodology

A total of 1,071 sherds were analyzed for this research, and only decorated sherds have been

chosen for analysis. For the purpose of this study, decoration is defined as purposefully applied

pigment, in which the application technique varies (e.g., paint, glaze, slip, or wash). The accept-

ance and rejection criteria along with methods for determining the different variables for this

study are discussed in the following section.

Description ofAnalysis

Rounded and/or subrounded sherds weighing less than 1 gram are rejected because small size

does not allow a clean break to be made without complete destruction of the sherd. A small num-

ber of sherds, which are carbonized throughout, are rejected on the basis of having insufficient

evidence of surface characteristics and paste/temper composition remaining for visual analysis.

Sherds selected for analysis are measured and/or observed for a number of attributes (Table 41 ).

Not all attributes are applicable to all sherds, and in some cases there is insufficient evidence to

determine applicable attributes. In order to reduce the number of missing values, the coding system

includes categories of "indeterminate" and "not applicable" designations.

Determination of vessel form is based on the relationship between painted surfaces and sherd

curvature. Sherds with concave painted surfaces are classified as open vessels, or bowls, and

sherds with convex painted surfaces are classified as closed vessels, or jars. In cases where both

surfaces show evidence of paint, determination of interior and exterior surfaces is based on sherd

curvature and surface characteristics of use-wear (scraping, staining, and burning), and manufac-

turing or finishing techniques (scraping, smoothing, polishing, burnishing, and fire clouding).

Sherd fragment classification distinguishes between body, rim, base, and other sherds. The

other sherd category is designed to include unidentified fragments and vessel handle fragments.

Sherd fragment combinations are classified according to diagnostic value, size, and vessel mor-

phology. Large rim sherds with only a small portion of the rim are classified as rim fragments.

Sherds, which exhibit portion of the base as well as the body ("joint" sherds), are classified as

either base or body according to the relative proportions of each.

Technique of manufacture is determined visually, through examination of surface characteris-

tics. This includes such attributes as the presence of smoothing, polishing, coil welds, and other

considerations.

Surface texture classification is based on visual and tactile criteria. Sherd surfaces showing a

smooth finish and no filler protrusion are classified as smooth. Sherds with shallow traces of some

finishing technique on the surface, or surface filler protrusion equal to or less than 0.5 mm are

classified as medium. Coarse textured sherds are those showing rough surfaces, deeply scored

scrape marks, unobliterated coil marks, and/or a filler protrusion equal to or less than 0.6 mm.
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Table 41. List of Attributes and Numerical Scales Used

Attribute Name
Sherd Fragment

Vessel Form
Manufacturing Technique

Neck Angle

Neck Contour

Rim Angle

Rim Contour

Rim Shape
Rim Surface

Rim Edge
Mean Wall Thickness

Sherd Weight

Core Number
Core Color

Core Thickness

Core Position

Paste Color

Paste Texture

Paste/Filler Distribution

Surface Treatment Summary
Interior Surface Texture

Exterior Surface Texture

Interior Surface Luster

Exterior Surface Luster

Filler Particle Size

Filler Shape
Filler Identification

Filler Percentage Density

Filler Combined Density

Paint Color Group

Interior Surface Color

Exterior Surface Color

Paint Type

Line Width

Rim Treatment

Composition Layout

General Element Description

Specific Element Description

Element Filler

Type Class

Measurement Scale

Nominal

Nominal

Nominal

Nominal

Nominal

Nominal

Nominal

Nominal

Nominal

Nominal

Numerical

Numerical

Numerical

Nominal

Numerical

Nominal

Nominal

Nominal

Nominal

Nominal

Nominal

Nominal

Nominal

Nominal

Ordinal

Nominal

Nominal

Ordinal

Ordinal

Nominal

Nominal

Nominal

Nominal

Numerical

Nominal

Nominal

Nominal

Nominal

Nominal

Nominal

Surface luster classification does not attempt to describe the actual finishing technique (wiping,

polishing, or burnishing). Rather, a visual estimation of the presence (lustrous) or absence (matte)

of gloss on the sherd surface is made.

Starrett digital electronic calipers are used to determine the average wall thickness of each

sherd. Measurements are taken at three random points around the perimeter of the sherd and their

mean is calculated to the nearest hundredth of a millimeter. In addition, each sherd is weighed on

a Chaus digital electronic scale.
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Color determinations are verified using a Munsell Color Chart, numerical codes, assigned to

Munsell designations (10R, 2.5YR, 5YR, 7.5YR, 10YR, and 2.5Y) in the hue groups are used to

describe the color of both the internal and external surfaces, paste, and core of the sherd, when

present. Consistency of color description is achieved by conducting all the analyses under the

same lighting conditions. Due to the fugitive nature of some pigments, the erosion of some surfaces

because of use-wear, and/or the post-depositional weathering of sherd surfaces, the color descrip-

tions are those most closely approximating the Munsell designations at the time of analysis.

Microscopic analysis is performed by using a Bausch and Lomb binocular microscope at lOx

to 45x magnification. Needle-nosed pliers are used to break off a clean surface on the edge of each

sherd. This surface is then subjected to microscopic analysis. Both sides of the break are exam-

ined, but estimates are based on one side only.

Classification of past texture is determined at breakage. Hard paste breaks with a clean snap

and has few visible pores. The edges of moderately friable sherds release a little powder at breakage

and the matrix show relatively increased porosity. Highly friable sherds exhibit crumbly edges and

have a high degree of porosity.

The term vitrified refers to sherds in various stages of sintering (fusion of metals below their

melting point) and having a glassy nature. Vitrification occurs in clays with a high colloidal frac-

tion, a high mineral content of alumina and silica, and the right balance of those impurities (such

as finely disseminated calcium oxide) that have a fluxing action (Shepard 1956). When fired slow-

ly over a long temperature range, the clay minerals decompose and glass begins to form, reduc-

ing porosity and producing a hard, dense ware (Rye 1981). In this analysis, sherds classified as

vitrified are generally very hard and tend to flake upon breakage. The matrix has a glassy appear-

ance and appears fused, with few or no pores visible.

The distribution of paste and filler (temper) are classified as either uniform (homogeneous) or

irregular (heterogeneous). Uniform distribution implies the observed density for each temper type

is uniform throughout the matrix, as estimated from examination of both sides of the sherd break.

Irregular distribution implies the observed density for each temper class is non-randomly spread

throughout the matrix, suggesting incomplete mixing of temper and paste elements prior to vessel

construction.

Filler classification is designed to generate temper groups for each sherd. Each temper group

includes the mineral identification of one or more temper types, their estimated percentage density,

and the general size, shape and surface characteristics of the temper fragments. Temper group des-

ignations are general rather than specific. The use of the mineralogical identification "feldspar,"

for example, makes no distinction between the different feldspars.

Percentage density for each temper type is determined using a visual estimation chart (Figure 28).

Filler combined density is a visual class estimate of the total percentage density for all temper

types (Benner 1974). Therefore, the sum of individual temper type percentages does not neces-

sarily correspond to the combined temper group percentages.

Filler shape and opacity are determined, where applicable, by a visual estimation of the majority

of fragments for each temper type. Where two or more distinct morphologic groups in a single
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Figure 28. Filler Percentage Density Visual Estimation Chart (after Benner 1974).
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temper type are identified, the groups are coded as separate temper types. For example, where 60

percent of the quartz fragments are angular and clear, and 40 percent are rounded and frosted, two

types are present. Filler size is estimated using wires of different diameters for comparison. Codes

are provided for different particle-size combinations.

Color group refers to the general ware designation (e.g., polychrome ware, redware, or black-

on-whiteware). Paint type distinguishes between organic (carbon) and mineral pigments in painted

sherds, and clay slips. Due to the fugitive nature of most pigments, however, no distinction is made

between slip and wash.

Design elements for each sherd are recorded when applicable. Due to the fragmentary nature

of the sample, however, no analysis is attempted on these sherds other than to note the presence/

absence of rim or lip treatment on rim sherds.

Methods ofAnalysis

The attribute data are recorded on pre-printed analysis forms and then entered into a spreadsheet

program. Statistical analysis and manual mathematical computations are performed using an IBM-

compatible personal computer (DOS version 6.2), and a Sharp EL-506G scientific calculator.

Software used to manipulate the data and generate diversity indices include Quattro Pro for

Windows, version 6.0 (Novell 1994); Tools for Quantitative Archaeology (Kintigh 1991); SYS-

TAT (The System for Statistics), version 5.0 (Wilkinson 1990); and MVSP (Kovach 1986).

The attribute data are sorted by site and by ceramic types within sites. The Upper Bonito I

sample has been sorted both as a whole and as separate activity loci (with TT 1 representing TT 1

and TT 2 representing TT 2). Within-type attribute data are sorted both as a whole and as groups

defined by vessel form.

Statistical analyses are performed where appropriate. Results derived from statistical analyses

are subjected to hypothesis testing for statistical significance. Analyses based on categories result-

ing from empirical observation (e.g., the delineation of color, temper, and core groups) are sub-

jected to intuitive interpretation based on frequency distribution.

Some of the attributes recorded for this study, as well as some of the methods used to meas-

ure such attributes, fail to provide adequate information for analysis (e.g., attributes of style).

This failure is not caused by an inherent lack of information potential in the attribute data or the

methodology, but rather by poorly or incompletely defined research goals at the start of the data

collection procedure. This has resulted in the gathering of data for which no questions or tests

have been properly devised.

Statistical Analysis

Exploratory data analysis provides an initial understanding of the nature of the data set.

Measures of central tendency and dispersion have been calculated to determine the shape of the

different distributions. Relative and absolute frequencies are determined, and histograms generat-

ed by plotting the dispersal patterns of the data.
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The Coefficient of Variation (CV) is used to compare the relative dispersion between groups

of data. The CV is expressed as:

CV= 100.S

X

where S = the standard variation of the sample

and

X = the sample mean.

The CV is a particularly useful statistic because it expresses sample variability in terms inde-

pendent ofmean size, thereby removing scale effects (Thomas 1989:82). The results of the CV are

expressed as a percentage value. The higher the percentage value, the higher the within-sample

variability.

Observed variation between types common to two or more sites is subjected to one way

analysis of variance. One way Analysis of Variance (ANOVA) calculates two independent esti-

mates of the population variance, the within-group and the between-group mean variance. The F

distribution is then used to evaluate the probability that two or more sample variances are from

the same population (H : Sj=S2), where: H = the null hypothesis; Sj = the first population; and

S2
= the second population.

Between-site and Within-type Variation

The between-site and within-type variation is expressed in terms of diversity indices.

Between-site richness is calculated for the assemblage as a whole based on the number of types

recorded for each site. Evenness is determined for each site from the proportion of sherds in each

type, and for the assemblages as a whole using site values. Heterogeneity, which measures with-

in-assemblage dissimilarity, is calculated jointly, from the proportion of the number of sherds in

each type to the number of types in each site.

Within-type richness is computed from the number of temper groups present in each type.

Evenness, on the other hand, is calculated from the proportion of sherds to temper groups in each

type. Finally, heterogeneity is calculated jointly from both indices.

Diversity Indices

The Shannon Information Statistic, also known as the Shannon-Weaver Index, is a measure

of uncertainty based on information theory (Pielou 1977; Shannon and Weaver 1949). Although

commonly applied to archaeological data sets (see Burgett 1994; Kintigh 1984, 1989), the

Shannon Index assumes an indefinitely large population, a condition not met by most archaeo-

logical sample.
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The Shannon Index measures diversity by the following formula:

H= S^Cp/Xlog P/)

where H= Shannon-Weaver Index

s= number of types

i= type number

Pi- total sample proportions of sherds belonging to the ith species.

The Brillouin Index is analogous to the Shannon Index, but is properly applied only to small

populations that have been fully censused (Brillouin 1962: Pielou 1977).

The Brillouin function is stated as:

D= (l/A01og{M/(nl!«2 ! --- n
j!)} where

where D= Brillouin Index

N= total number of sherds in assemblage

n\ ,
«2- • -n] = the number of sherds associated with each type Cj . . .c;.

The Brillouin Index is sensitive to the size of the collection. For purposes of comparison

between two or more assemblages of unequal size, however, the Brillouin function will give

different values for D.

The Simpson Index measures concentration, the converse of diversity (Pielou 1975; Simpson

1949). It may be applied to either fully censused populations or to samples. As an index of con-

centration, the Simpson statistic is stated as:

C = S
j
{n

j
(n

j
-l)}/{N(N-l)}

Where: C = index of concentration

Sj = standard variation of sample

and

N = sample size.

As an index of diversity, the Simpson index may be rescaled as:

D = -log C

where: D = diversity.
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The truncated lognormal distribution, as described by Preston (1948, 1962), is based on the

assumption that the distribution of the totally inventoried population is a complete lognormal dis-

tribution (May 1981). The truncated lognormal distribution can be applied to samples of different

sizes, and allows the computation of separate values for richness and evenness.

Preston's (1948, 1962) equation for richness is stated as:

R = y s(2p)^

where R = the number of expected types (richness)

y = the number of types observed in the assemblage

s = sample standard deviation of the assemblage.

Evenness is computed from:

E = s[logi (n
1
,n2 ...nj )]

where E = the proportion of sherds in each type (evenness)

and

s = sample standard deviation of each type.

Heterogeneity is derived from Pielou's function (1977), which is stated as:

H=l-S{[ni(nr l)]/[N(N-1)]}

where H = equitability in the spread of sherds among types

nj = number of sherds in a type

and

N = total number of sherds in assemblage.

Analytical Samples

All sherds of every ceramic type in all four activity loci have been subjected to analysis. For

estimation of within-type variation through time, however, only types common to two or more

sites are compared. Diversity indices for Upper Bonito I are calculated both for the site as a

whole, and separately using the TT 1 and TT 2 activity loci samples.

El Paso Red-on-brown sherds, although common to both Pithouse Village and Upper Bonito I

(TT 1 ) are omitted from vessel form comparison because the vessel form of the one sherd from

Pithouse Village is unidentified. Lincoln Black-on-red also is omitted because only one vessel

form (bowls) are known to exist for the type. In addition, type samples consisting of less than two

sherds are excluded from the CV and ANOVA.
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Analysis Results

The percentage of each decorated ceramic type analyzed from each site and their correspon-

ding temporal ranges are presented in Tables 42 through 45. Mean dates for the decorated types

support the dates of occupation suggested by the radiocarbon determinations. All the samples are

characterized by a predominance of body sherds.

Frequency Distributions

The Rio Bonito Pithouse Village sample is dominated by bowl, body sherds, which comprise

nearly 90 percent of the sample. Seventy percent of all sherds consist of red painted or red slipped

brownwares.

The Upper Bonito I (TT 1) sample is the largest (n=713), but only two ceramic types,

Chupadero Black-on-white and Chupadero Smooth (Wiseman 1986), account for 74 percent of

all sherds. Proportions of bowl and jar sherds appear to be evenly distributed. Eighty-nine percent

of all sherds are body sherds.

This pattern is repeated at Upper Bonito I (TT 2), where Chupadero wares make up 68 percent

of the sample, and the ratio ofbowls to jars is nearly equal. Body sherds comprise 87 percent of the

sample, and it has the highest percentage of rims (12 percent).

The bulk of the Lower Stanton Ruin sample consists of body sherds (88 percent). The ratio of

bowls to jars is nearly 1:2. The most abundant ceramic types are Jornada and El Paso poly-

chromes (44 percent) followed by Chupadero wares (20 percent; see Plate 9).

Diversity Indices

Two types of diversity indices are discussed below. These include between-site diversity and with-

in-type diversity. Within-site type richness is derived from the number of ceramic types at each site. In

contrast, within-type diversity is derived by using the number of temper groups within each type.

Between-Site Diversity

The result of Preston's richness index is presented in Figures 29 and 30. Figure 29 shows the

within-site type richness index for all sites through time. Type richness, which is derived from the

number of types at a site, is highest at Upper Bonito I. When the two activity loci at Upper Bonito

I are analyzed separately (Figure 30), the high type richness in TTI is followed by a significant

reduction in TT 2. This is especially evident when compared to the richness index of the Lower

Stanton Ruin sample.

Figure 31 shows a plot of raw type frequencies for all activity loci. Comparison of Figures 30

and 3 1 suggests that raw type frequency can be used as an approximation of estimate oftype richness.

Within-site type evenness, which describes the distribution of sherds between types, is calcu-

lated and plotted using Preston's evenness index for all sites through time (Figure 32). The same

index is derived separately for each activity loci (Figure 33).
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Plate 9. Chupadero Black-on-white Jar from Lower Stanton Ruin (LA 69102).

The pattern suggested by the plotted values is nearly identical to that suggested by the with-

in-type richness index. Within-site type evenness values appear to increase rapidly from

Pithouse Village period to the Upper Bonito I period. This pattern suggests the sherds collected

from Upper Bonito I are significantly less evenly distributed between types than are sherds from

the other two samples.

When analyzed separately, the samples from Upper Bonito I show a significant reduction in

evenness between TT 1 and TT 2, followed by a slight increase at the Lower Stanton Ruin.

These results are intuitively clear from visual examination of the raw sherd frequency (Aguila

1995:Appendix B). This frequency shows that more than 85 percent of all sherds in TT 1 represent

only three types: Chupadero Black-on-white, Chupadero Smooth, and Three Rivers Red-on-

terracotta.

The results of Pielou's index of heterogeneity, which describe within-site diversity, are pre-

sented in Figure 34, which shows high ceramic type heterogeneity at the Pithouse Village, fol-

lowed by a dramatic decrease at Upper Bonito I, and a rapid increase at the Lower Stanton Ruin.

When analyzed separately, the type heterogeneity of the Upper Bonito I sample is lowest at

TT 1, then appears to increase slightly between TT 1 and TT 2. This suggests that the Upper

Bonito I TT 1 sample is characterized by the least within-site diversity in terms of decorated

ceramic types.
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Figure 29. Ceramic Type Richness: All Sites.
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125



Lourdes Aguila

16 -

15 -

14 -

13
>>
o
§ 12 -

cr
0) 11

LL

10 -

9 -

8

Ceramic Type Frequency

Through Time

PHV TT1 TT2

Activity Loci

LSR

Figure 31. Ceramic Type Frequencies.

X
CDD
c

to
CO

CD
c
c
CD
>
LU

Ceramic Type Evenness

Through Time

0.8

0.75 -

0.7 -

0.65 -

0.6 -

0.55 -

0.5 -

0.45

04

PHV UB

All Sites

LSR

Figure 32. Ceramic Type Eveness: All Sites.

126



Decorated Ceramic Diversity

X
CD

C

c/>

CO

CD

c
c
CD

>

0.9 -

0.8

0.7 -

0.6

0.5 -

0.4

Ceramic Type Evenness

Through Time

PHV TT1 TT2

Activity Loci

LSR

Figure 33. Ceramic Type Evenness: Activity Loci.

X
CD
T5
C
>^

CD
C
CD

D)
O
k.

I

0.9 I

0.85

0.8

0.75 -

0.7

0.65

Ceramic Type Heterogeneity

Through Time

PHV UB LSR

All Sites

Figure 34. Ceramic Type Heterogeneity: Ail Sites.

127



Lourdes Aguila

The diversity values obtained for the four activity loci using the Shannon, Simpson, and

Brillouin indices are presented in Table 46. The values calculated by these various methods appear

to be comparable, and correspond to the values obtained using Pielou's heterogeneity index.

Table 46. Diversity Values Obtained with Various Methods of Computation and Number of

Decorated Types Per Activity Locality

Locus Simpson
(1949)

Shannon-Weaver

(1949)

Brillouin

(1962)

Preston

(1948, 1962) Number

Pithouse Village 0.8024 0.8266 0.7522 0.8024 12

Upper Bonito I (TT1) 0.6588 0.6310 0.6152 0.6603 15

Upper Bonito I (TT2) 0.6981 0.6755 0.6216 0.6981 9

Lower Stanton Ruin 0.8535 0.8873 0.8369 0.8535 10

Within-Type Diversity

Within-type diversity is calculated using the number of temper groups within each type.

Temper attributes for each type are sorted into the broad temper groups listed in Table 47.

Table 47. Broad Temper Groups (Based on atLeast 75 percent Filler Composition)

Andesite

Andesite, aplite

Andesite, feldspar

Andesite, hornblende

Andesite, limestone

Andesite, magnetite

Andesite, mica

Andesite, quartz

Andesite, sandstone

Aplite

Aplite, biotite

Aplite, feldspar

Aplite, hornblende

Aplite, iron oxide

Aplite, limestone

Aplite, magnetite

Aplite, mica

Aplite, sandstone

Aplite, sherd

Feldspar

Feldspar, biotite

Feldspar, gypsum
Feldspar, hornblende

Feldspar, iron oxide

Feldspar, quartz

Feldspar, limestone

Feldspar, magnetite

Feldspar, mica

Feldspar, organic

Feldspar, sherd

Granitic, biotite

Granitic, limestone

Iron oxide, andesite

Iron oxide, magnetite

Limestone, magnetite

Mica, magnetite

Quartz

Quartz, aplite

Quartz, biotite

Quartz, chert

Quartz, hornblende

Quartz, iron oxide

Quartz, limestone

Quartz, magnetite

Quartz, mica

Quartz, organic

Quartz, sandstone

Sandstone, biotite

Sherd

Sherd, andesite

Sherd, biotite

Sherd, hornblende

Sherd, limestone

Sherd, magnetite

Sherd, mica

Sherd, quartz

Syenite, andesite

Syenite, aplite

Syenite, magnetite
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Within-type temper group richness is estimated from the raw frequency of within-type tem-

per groups per site. Figure 35 plots these values. The overall trend, suggested by the within-type

temper group richness, is similar to that suggested by the within-site type richness (Figure 29).
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Figure 35. Temper Group Richness: All Sites.

Temper group richness is low at the Pithouse Village site, but increases dramatically at Upper

Bonito I, and is followed by a significant decrease at the Lower Stanton Ruin. When the Upper

Bonito I sample is analyzed separately (Figure 36), a slight increase in richness from TT 1 to TT 2,

followed by another slight increase between TT 2 and the Lower Stanton Ruin can be clearly seen.

Within-type temper group evenness is calculated using the proportion of sherds that fall into

each temper group for each type common to one or more sites. Preston's truncated lognormal dis-

tribution is used to compute the temper group evenness for each type. In every instance, the indi-

vidual within-type temper group evenness of shared types appears to decrease through time.

Within-type temper group evenness values for each site are presented in Table 48. Figures 37

and 38 provide the results in graphic form. Temper group evenness appears to increase significant-

ly from the Pithouse Village period to Upper Bonito I, and to be followed by a slight decrease at the

Lower Stanton Ruin. When the Upper Bonito I sample is analyzed separately, temper group even-

ness appears to increase significantly between TT 1 and TT 2, and to be followed by a comparable

increase between TT 2 and the Lower Stanton Ruin.
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Figure 36. Temper Group Richness: Activity Loci.

Within-type heterogeneity indices across sites have been developed, and are presented in

Table 49. From this table, within-type temper group heterogeneity decreases markedly between

the Pithouse Village site and Upper Bonito I (TT 1). A slight decrease between TT 1 and TT 2

may be seen as well, and a significant increase occurs between TT 2 and the Lower Stanton Ruin.

Table 48. Within-type Temper Group Evenness of Types Common to Two or More Sites

Ceramic Type Pithouse Village Upper Bonito I

(TT1)

Upper Bonito I

(TT2)

Lower Stanton Ruin

Jornada Red on Brown 0.7593 0.5484 — —

Roswell Red on Brown 0.8104 0.3374 - -

El Paso Polychrome - 0.3968 - 0.3616

Jornada Polychrome - 0.4259 - 0.4218

Chupadero Black on White - 0.5856 0.4646 0.1848

Chupadero Smooth - 0.5535 0.41 0.1803

Three Rivers Red on Terracotta - 0.5307 0.4878 0.4807
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Figure 37. Temper Group Evenness: Pit House Village, Upper Bonito, and Lower Stanton Ruin.
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Table 49. Within-type Temper Group Heterogeneity through Time for Sites

Ceramic Type Pithouse Village Upper Bonito I

(TT1)

Upper Bonito I

(TT2)

Lower Stanton Ruin

Jornada Red on Brown 0.1619 0.4347 - -

Roswell Red on Brown 0.1333 0.5 - -

El Paso Polychrome - 0.7285 - 0.7267

Jornada Polychrome - 0.5808 - 0.5738

Chupadero Black on White - 0.8713 0.7064 0.9416

Chupadero Smooth - 0.8263 0.7309 0.945

Three Rivers Red on Terracotta - 0.5199 0.4393 0.5833

All Ceramic Types Combined 0.8444 0.8042 0.8021 0.8553

One-Way Analysis of Variance

ANOVA, using a one-tailed F-test has been calculated for overall, wall thickness values by the

types common to two or more sites. The null hypothesis predicts no significant difference in wall

thickness of sherds of the same type through time, and is stated as:

HO: S
x

= S2 = S
3
= S4 or

Wall Thickness: PHV = TT 1 = TT 2 = Lower Stanton Ruin.

Table 50 shows the results of the ANOVA test. The null hypothesis is rejected in every case, sug-

gesting a significant difference in the overall sherd, wall thickness between the samples and sites.

Table 50. Wall Thickness: One-way Analysis of Variance of Shared Types

Ceramic Type Activity Loci F-crit F-comp Significant

Difference?

Jornada Red on Brown PHV,TT1,TT2 3.080 53.442 Yes

South Pecos Brown TT1 , TT2 4.149 26.179 Yes

Roswell Red on Brown PHV,TT1,TT2 3.220 24.124 Yes

El Paso Polychrome TT1, LSR 3.967 7.507 Yes

Jornada Polychrome TT1.TT2, LSR 3.105 21.742 Yes

Chupadero Black on White TT1.TT2, LSR 3.004 1397.033 Yes

Chupadero Smooth TT1.TT2, LSR 3.015 519.188 Yes

San Andres Red on Terracotta PHV, TT1 5.987 6.478 Yes

Three Rivers Red on Terracotta TT1 , TT2, LSR 3.030 141.093 Yes

Ramos Polychrome TT1, LSR 4.494 20.462 Yes

*PHV=Pithouse Village; TT1=Upper Bonito Test I Trench 1; TT2=Upper Bonito I Test Trench 2; LSR=Lower Stanton Ruin

Table 51 presents the results of ANOVA carried out on the samples differentiated between

bowls and jars. The null hypothesis predicts no significant difference in the wall thickness of bowl

and jar sherds of the same type. The results of this test suggest wall thickness between bowls and

jars of the same type through time is significantly different in all cases, except Jornada

Polychrome (TT 1, Lower Stanton Ruin), El Paso Polychrome (TT 1, Lower Stanton Ruin), and

San Andres Red-on-terracotta (PHV, TT 1 ).
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Table 51. Wall Thickness: One-way Analysis of Variance of Shared Type;s Between Activity Loci

Ceramic Type Vessel Significant

Form Activity Loci* F-crit F-comp Difference?

Chupadero Black on White Jar TT1,TT2, LSR 3.006 846.207 Yes

Chupadero Smooth Jar TT1.TT2, LSR 3.118 34.348 Yes

Jornada Polychrome Jar TT1.TT2, LSR 3.129 16.583 Yes

El Paso Polychrome Jar TT1, LSR 3.986 9.474 Yes

Chupadero Black on White Bowl TT1 , TT2 3.887 751.331 Yes

Chupadero Smooth Bowl TT1.TT2, LSR 3.019 693.845 Yes

Jornada Polychrome Bowl TT1, LSR 4.964 1.040 No
Jornada Red on Black Bowl PHV, TT1 , TT2 3.094 48.570 Yes

El Paso Polychrome Bowl TT1, LSR 5.317 0.182 No
Roswell Red on Black Bowl PHV, TT1 4.225 21.460 Yes

South Pecos Brown Bowl TT1 , TT2 4.170 21.558 Yes

Three Rivers Red on Terracotta Bowl TT1.TT2, LSR 3.032 132.389 Yes

San Andres Red on Terracotta Bowl PHV, TT1 18.512 1.416 No

*PHV=Pithouse Village; TT1=Upper Bonito Test I Trench 1; TT2=Upper Bonito I Test Trench 2; LSR=Lower Stanton Ruin

Coefficient of Variation

The CV has been calculated for a number of variables. These include wall thickness and filler

particle size for four types of bowls and nine types ofjars.

Wall Thickness

The CV is calculated for wall thickness and filler particle size using the within-type mean and

standard deviation for each sample. The results of these calculations, expressed as percentages,

are provided in Table 52.

The proportion of thick wall CV values is greatest in sherds from Upper Bonito I, TT 1. Of all

the pottery types common to two or more sites found in TT 1, 55 percent exhibit high variability.

The Lower Stanton Ruin follows, with 50 percent of shared types suggesting high variability.

Pithouse Village has the lowest proportion of within-type wall thickness variability.

The CV of the within-type wall thickness between bowls and jars has been calculated for all

types common to two or more sites (see Aguila 1995:Appendix E). Of the types characterized by

both open and closed vessel forms, jar sherds appear to have the highest CV values overall.

At the Rio Bonito Pithouse Village site, the wall thickness of Jornada Red-on-brown, jar

sherds appears to be over twice as variable as the wall thickness ofbowl sherds. At Upper Bonito I

(TT 1), CV percentages suggest greater variability in wall thickness for jar sherds of Chupadero

Black-on-white, Chupadero Smooth, Jornada Polychrome, and El Paso Polychrome. In contrast,

Jornada Red-on-terracotta and Three Rivers Red-on-terracotta bowl sherds appear to be more

variable than jar sherds of the same type at Upper Bonito I (TT 1).

Only two types could be compared at Upper Bonito I, TT 2. Jar sherds ofboth Chupadero Black-

on-white and Chupadero Smooth have higher CV percentage values than bowl sherds of the same

types. At the Lower Stanton Ruin, bowl sherds of Chupadero Smooth, Jornada Polychrome, and El

Paso Polychrome have higher CV percentage values than do jar sherds of the same types.
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Table 52. Wall Thickness as Shown by the Coefficient of Variation of Shared Types for Shared Sites

Ceramic Type Pithouse Village Upper Bonito I Upper Bonito I Lower Stanton Ruin

(JT1) (JT2)

El Paso Red on Brown -

Jornada Red on Brown 17.06

South Pecos Brown -

Roswell Red on Brown 12.71

El Paso Polychrome -

Jornada Polychrome -

Chupadero Black on White -

Chupadero Smooth -

San Andres Red on Terracotta 12.07

Three Rivers Red on Terracotta -

Ramos Polychrome -

Filler Particle Size

The CV percentage values for within-type filler particle size are presented in Table 53. Results

suggest that mean filler particle size is not always a good indicator of mean wall thickness.

Table 53. Within-type Filler Particle Size and Their Coefficient of Variation (CV) by Site

Ceramic Type Pithouse Village Upper Bonito I Upper Bonito I Lower Stanton Ruin

(TT1) (TT2)

20.7 14.35 —

18.27 8.5 -

15.31 15.73 -

14.06 12.52 —

17.31 - 22.7

18.93 21.43 23.05

17.94 20.01 15.08

15.17 10.61 10.92

24.53 - -

27.92 17.44 11.22

8.17 — 9.33

El Paso Red on Brown 30.42 51.63 27.81 -

Jornada Red on Brown 59.08 - 10.89 -

South Pecos Brown - 31.3 31.4 -

Roswell Red on Brown 47.11 29.07 10.87 -

El Paso Polychrome 106.06 29.8 54.16 53.41

Jornada Polychrome - 34.98 26.61 62.85

Chupadero Black on White - 47.53 36.27 78.87

Chupadero Smooth - 55.43 41.65 70.26

San Andres Red on Terracotta 39.04 40.31 - 60.85

Three Rivers Red on Terracotta - 37.32 31.11 65.16

Ramos Polychrome - 66.21 - 80.02

Sherd Surface Characteristics

Sherd attributes such as surface luster and edge erosion are evaluated across the three sites to

determine general assemblage observations regarding site formation processes. The degree of

sherd surface erosion and weathering is comparable across sites as well.

The Pithouse Village sample contains no worked sherds. These sherds are characterized by

highly eroded, opaque surfaces and rounded, weathered edges. Smudging and fire clouding are

evident in approximately 35 percent of all sherds.

The sample at Upper Bonito I (TT 1 ) includes the following items of Chupadero ware: (1) four

sherds with ground or otherwise modified edges; (2) two sherds with drilled holes; (3) four sherds

stained with red pigment; and (4) two sherds representing base-body fragments characterized by

fingernail impressions at the joint coil. The worked sherds also include one "spindle whorl"
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manufactured from a sherd of Three Rivers Red-on-terracotta. The overall degree of sherd roundness

and surface opacity is approximately 40 percent.

The Upper Bonito I (TT 2) sample contains no worked sherds. One sherd of Chupadero Black-on-

white is stained with red pigment. Approximately 35 percent of all sherds show evidence of weathering.

The Lower Stanton Ruin sample includes no worked sherds. Sherd surfaces appear to be highly

weathered, and approximately 20 percent are smudged and/or carbonized throughout.

Interpretation ofResults

This section examines the direction of ceramic change, assemblage composition, and site for-

mation processes. In addition, hypotheses concerning diachronic ceramic change and production

and standardization are presented. This is followed by some specific hypotheses concerning wall

thickness and filler particle size.

Direction of Ceramic Change

The frequency distribution of types across the sites indicates that between the period of occu-

pation of the Pithouse Village and Upper Bonito I (TT 1) the sphere of contact, suggested by the

decorated ceramic sample, changes significantly. At the Pithouse Village site, red painted or red

slipped brownwares represent 70 percent of the total ceramic sample. These wares suggest con-

tact with populations in the Tularosa Basin and the eastern and southern Jornada area. In addition,

the presence of San Francisco Red, Mimbres Boldface (Plate 10), and Mimbres Black-on-white

sherds suggests contact, either directly or indirectly, with the Mimbres Mogollon.

Plate 10. Mimbres Black-on-white, Style I, Boldface, Bowl from the Rio Bonito Pit House Village

Site LA (37452).
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By the time of the occupation of Upper Bonito I, black-on-white ceramics make up the bulk

of the sample (74 percent). A small percentage of Three Circle Neck Corrugated suggests remain-

ing ties to the Mimbres drainage, but the majority of the sample consists of sherds of Chupadero

Black-on-white and Chupadero Smooth. These wares are acquired from Gran Quivira and the

Middle Rio Grande Anasazi area (Toulouse and Stephenson 1960). The presence of this ware in

such proportions indicates a rapid shift in the sphere of influence, and suggests ties to populations

in the Anasazi-Mogollon contact zone (Wiseman 1986).

This change in direction appears to have been fundamental, as it continues throughout the

occupation of TT 1 and TT 2, and persists, although reduced in scope, during the occupation of

the Lower Stanton Ruin. The presence of small percentages of intrusive wares suggests contact

with populations as far as Chihuahua, Mexico and the Little Colorado drainage. "Local" wares

from the Three Rivers and Lincoln areas also represent a small percentage of the sample.

Chupadero wares make up 67 percent of the Upper Bonito I (TT 2) sample. Although white-

wares still dominate the decorated ceramic assemblage, the selective process appears to no longer

be unidirectional. Rather, interaction appears to be stabilizing, as shown by relatively higher per-

centages of red slipped and red painted brown and terracotta wares and polychromes from the

Tularosa Basin and the southern and eastern Jornada area.

The Lower Stanton Ruin sample suggests increasing selective stabilization, or perhaps the

beginning of a second, minor shift in direction. Chupadero wares continue to be present, but they

constitute only 20 percent of the sample. Instead, higher percentages of Jornada and El Paso poly-

chrome wares suggest increased contact with the southern Tularosa Basin and other Mogollon

groups. Also present in smaller numbers are sherds of: (1) Ramos Polychrome, a Chihuahuan buff

ware; (2) Agua Fria Glaze Red from the Rio Grande area; and (3) sherds of "local" Lincoln Black-

on-red and Lincoln Thin-line.

Assemblage Composition

The total number of sherd fragments in archaeological context is not a direct reflection of the

number of vessels in systemic context. Assemblage size is affected by any number of cultural fac-

tors, including patterns of vessel use and storage, rates of replacement of broken pots, patterns of

refuse and disposal, and configurations of vessel recycling. The latter can be especially mislead-

ing in contexts, which include the production of ceramic wares, such as Chupadero whitewares

that are sherd tempered.

Such data as rates of breakage, and proportion of sherd fragments produced by breakage, have

been derived by ethnoarchaeological observation and experimentation (i.e., Orton et al. 1993).

Ceramics samples derived from archaeological excavation, principally those obtained through

limited testing, however, may not be representative of the ceramic assemblage as a whole.

The uneven sample sizes of the assemblages used in this study are partly a reflection of dif-

ferential collection and excavation intensity across sites. Examination of the interassemblage dis-

tribution of sherd fragments by site, however, suggests comparable assemblage compositions.
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Intuitively, the fact that body sherds tend to be more numerous (because the body portion of the

vessel will have more relative surface area than will rim, neck, or base portions) becomes clear.

By the same principle, jar sherds tend to be more numerous than bowl sherds.

Limited observations on vessel use and site function can be made from the proportion of open

and closed vessel forms in the decorated ceramic samples. At the Rio Bonito Pithouse Village site,

the majority of decorated sherds represent bowls. In this context, decorated ceramic wares appear

most often in the context of food preparation and serving, which require open vessel forms.

In contrast, at both Upper Bonito I TT 1 and TT 2, the proportion of bowl to jar sherds is even-

ly distributed. Decorated wares, principally Chupadero Black-on-white, appear to have occurred

for a variety of uses during this occupation.

Jar sherds are more common in the sample from the Lower Stanton Ruin. Although the small

sample size precludes all but the most tentative interpretations, a correlation between an increase

in the proportion of closed vessels at this time and the documented appearance of Zea mays as

well as the intensification of agriculture in the Fort Stanton area may be postulated (Coleman

1991b; Kilby and McNally 1994; Shelley 1992b). This would be reflected in systemic context as

an increase in the number of storage vessels, which can be expected to translate to archaeological

context as a change in the proportion of sherds from open to closed vessel forms.

Site Formation Processes

Visual examination of sherd surfaces and luster suggest comparable formation processes

across sites. The presence of worked sherds at Upper Bonito I (TT 1) suggests that specific cultural

activities are taking place that are not evident elsewhere. This may indicate a different functional

interpretation for TT 1 , which, because of its size and other variables, has been tentatively interpreted

as a kiva. The evidence of the decorated ceramic data, although affected by a high degree of sampling

error, would tend to support this interpretation.

General Hypotheses

These hypotheses examine general cultural evolutionary trends within the data sets provided by

these three sites. They include diachronic ceramic change and production and standardization trends.

Diachronic Ceramic Change (Evolution)

The within-site diversity of decorated ceramic types is expected to increase through time. The

richness index generated by the truncated lognormal distribution assists in the calculation of the

number of types missing in the sample but present in the population, as estimated from the fre-

quency of recovered types. Within-site type richness is low at the Pithouse Village site, but

increases significantly at Upper Bonito I (TT 1), and returns to low levels in Upper Bonito I (TT 2)

and the Lower Stanton Ruin.

The increased type richness at TT 1 appears to support the hypothesis of a widening sphere

of contact suggested by the frequency distribution of types. Such a rapid change in direction

would have resulted in the disproportionate acquisition of specific types, and/or of innovative
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technology with which to produce local variants of popular imported wares during the occupation

ofUpperBonitoI(TT 1).

In contrast, by the time of occupation at Upper Bonito I (TT 2) and the Lower Stanton Ruin,

the number of types appears to have returned to earlier levels. This suggests a gradual reduction

in the sources of production (if not in the sphere of contact), as well as increasing subsystem stability

and diversifying the selection for specific types over time.

Selection is expected to alter the frequency of specific types through time. An even distribution

of sherds among types characterizes a more diverse assemblage. Therefore, within-site evenness is

expected to decrease through time. At the Pithouse Village site, the evenness index is low, increas-

ing significantly at Upper Bonito I (TT 1 ), and returning to lower values at Upper Bonito I (TT 2)

and the Lower Stanton Ruin.

The high evenness values at Upper Bonito I (TT 1) suggest multiple sources of production,

and may be interpreted to be the result of rapid change in the direction and degree of contact.

Initially, the system will be characterized by a high degree of variation. Through time, direction-

al selection increases the number of those types, which would increase adaptive fitness within the

system, thus altering the proportion (evenness) of sherds across types.

The proportion of Chupadero sherds at Upper Bonito I (TT 1) suggests ties to Chupadera

Mesa and other populations of southern Anasazi affiliation. Other traits ofAnasazi origin, perhaps

including the kiva ceremonial complex, may be adopted by the people of the Fort Stanton

Reservation with the acquisition of black-on-white ceramic wares. Frequency distributions of

other traits ofAnasazi origin in additional sites within the area, and the analysis ofhuman remains

from documented contexts, might yield additional evidence with which to test this interpretation.

Within-site heterogeneity (diversity) is expected to increase through time. Samples character-

ized by both a high richness index and a high evenness index are expected to yield low diversity

values. Heterogeneity values derived from the Shannon-Weaver, Simpson, Brillouin, and Pielou

diversity indices support these observations.

As expected, Upper Bonito I (TT 1 and TT 2), yields the lowest heterogeneity values. This low

overall diversity is a factor of the disproportionate number of Chupadero sherds in the two samples.

The Pithouse Village sample is characterized by relatively high diversity. The Lower Stanton

Ruin sample yields the highest heterogeneity index of all four samples. In general, the results of

this part of the analysis indicate continuous change in decorated ceramic diversity through time.

This documented diachronic change in diversity suggests an evolving ceramic subsystem within

the project area.

Production and Standardization

The hypothesis predicts that, as a function of standardization, the within-type diversity of dec-

orated ceramic attributes would decrease through time. Within-type temper group richness is

determined using the raw frequency of different temper groups per site. As an index of increased

standardization of production, temper group richness is expected to decrease through time.
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The Pithouse Village sample has the lowest overall number of temper groups, suggesting few

local sources of production, and a degree of craft standardization. The number of temper groups

in the Upper Bonito I (TT 1 ) sample is significantly higher than in any of the other three sites,

implying higher within-type diversity in terms of temper composition, and suggesting various

sources of production.

Temper group richness decreases dramatically at Upper Bonito I (TT 2), implying a stabilization

and reduction of the number of production sources. This also may indicate local production of pre-

viously imported wares and/or a degree of craft standardization at the original source.

The Lower Stanton Ruin sample exhibits a slightly increased temper group richness. This

might be explained by the variation introduced with the acquisition of the polychromes and other

intrusive wares that comprise the Lower Stanton Ruin sample.

Temper group evenness is calculated from the proportion of sherds in each temper group for

all types common to two or more sites. Within-type temper group evenness is expected to increase

as evolving processes of technological innovation and experimentation direct selection for spe-

cific tempering materials over others. Within-type temper group evenness values increase signif-

icantly between the Pithouse Village period and Upper Bonito I (TT 1 ) period. During the later

Upper Bonito I (TT 2) period, there is decrease, and a resulting increase occurs during the occu-

pation of the Lower Stanton Ruin. These trends suggest directional selection for a few desirable

tempering materials at Upper Bonito I (TT 1 ) and the Lower Stanton Ruin, and perhaps stabiliz-

ing selection for various adequate, readily available tempering materials at Pithouse Village and

Upper Bonito I (TT 2).

With standardized production, within-type temper group heterogeneity is expected to decrease

through time. Although the heterogeneity values across the sites are relatively close, they suggest

that the Lower Stanton Ruin has the highest within-type temper group diversity, followed by

Pithouse Village, Upper Bonito I (TT 1), and Upper Bonito I (TT 2). These values are supported

by the results of the richness and evenness indices.

Specific Hypotheses

The specific hypotheses tend to examine more functionally related attributes of the ceramic

samples. In this instance, the variables of wall thickness and filler particle size are examined. This

is followed by an overall discussion of the results.

Wall Thickness and Filler Particle Size

One-way ANOVA demonstrates a significant difference between the within-type wall thick-

ness of sherds through time for all types common to two or more sites. The results of the ANOVA
suggest that all samples come from different populations.

When the type samples are differentiated between open and closed vessels, ANOVA finds a sig-

nificant difference between the within-type wall thickness of bowls and jars through time in all but

three types: Jornada Polychrome, El Paso Polychrome, and San Andres Red-on-terracotta. The

observed similarity between bowls and jars of these three types can be partly explained by sample
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size. For example, San Andres Red-on-terracotta, although present in three sites, occurs in very low

frequencies. El Paso Polychrome, although present in all four activity loci, is represented by only

one bowl sherd from Pithouse Village, and one bowl sherd from Upper Bonito I (TT 2). The small

sample sizes increase the probability that these sherds might represent a single vessel.

The CV calculates the degree of within-type wall thickness variability of shared types. The

result of the CV suggests a higher degree of wall-thickness variability in Jornada and El Paso poly-

chrome jar sherds from Upper Bonito I (TT 1), and in bowl sherds from the Lower Stanton Ruin.

The mean jar sherd wall thickness of both brownware and polychrome types at the Lower Stanton

Ruin is lower overall than at any of the other three loci. The range and dispersion about the mean,

however, are also highest at the Lower Stanton Ruin, and this is reflected in a higher CV value.

The CV of the within-type filler particle size is highest overall at the Lower Stanton Ruin and

Upper Bonito I (TT 1 ). CV values for Upper Bonito I (TT 2) suggest the least overall variability

in within-type particle size of all four samples.

Examination of the summary statistics for wall thickness and filler particle size suggests similar

values between bowls and jars of the same type, and covariation within specific types. In the

Pithouse Village sample, sherds of Mimbres Black-on-white and Mimbres Boldface have compara-

ble wall thicknesses, but the filler particle size is consistently lower in the earlier (Boldface) type.

This suggests that Mimbres Boldface vessels are perhaps better able to withstand mechanical stress

and thermal shock than are vessels of Mimbres Black-on-white. Red painted brownwares appear to

be characterized by large, coarse temper particles, suggesting selection for attributes that increase

fabric strength and ease of manufacture.

At Upper Bonito I, the TT 1 and TT 2 samples exhibit a high degree of similarity in the mean

wall thickness and filler particle size of Chupadero wares. In contrast, the Chupadero wares from

the Lower Stanton Ruin sample suggest a decrease in mean filler particle size. This decrease

might be interpreted as directed selection for those attributes that tend to enhance the mechanical

performance of vessels.

Discussion

The general diversity trends suggested by type richness and evenness of all four samples are

supported by the specific diversity trends suggested by the temper group data. From a regional

perspective, the relatively high diversity at Pithouse Village coincides with the beginning of exten-

sive occupation of the area and the establishment of permanent communities. The decorated

ceramic vessels appear to have been used primarily for the preparation and serving of food. The

preponderance of red slipped and red painted brownwares indicates ties to the southern and east-

ern Jornada area. Furthermore, the high within-type temper group heterogeneity suggests one or

more sources of production, located in areas characterized by similar ceramic resources.

As the population increases and information is exchanged across cultural systems, the num-

ber of decorated ceramic types is expected to increase. By the establishment of Upper Bonito I

(TT 1 ), the high type richness and high evenness values suggest low overall diversity and unidi-

rectional selection for Chupadero wares.
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The high temper group richness at Upper Bonito I (TT 1 ) indicates that the decorated ceramics,

including the Chupadero wares, were probably manufactured in or obtained from a number of dif-

ferent sources. The significant increase in richness at Upper Bonito I (TT 1) suggests a time of

rapid transition and a change in the direction of contact from the Mogollon area to the Chupadera

Mesa region.

Kelley (1984:34) among others (c.f. Wiseman 1985:16) suggests that actual population

migrations may have taken place from the Gran Quivira area to the Sierra Blanca Region during

the Corona and Lincoln phases. Indeed, Wiseman (1985:16) goes so far as to suggest that "both

the Corona and the Lincoln phase manifestations represent 'culture unit' intrusions [from the

Chupadera area] into the Jicarilla and Capitan Mountains." These observations are made partly

in response to the similarities between the material culture of these two phases and that of the

relatively contemporaneous Claunch and Gran Quivira foci (Kelley 1984; Toulouse and

Stephenson 1960).

The rapid decline in diversity exhibited between the occupation of Pithouse Village and Upper

Bonito I (TT 1 ) appears to have been followed by a moderate increase during the occupation of

Upper Bonito I (TT 2). Although the direction of ceramic change does not alter fundamentally,

the degree or intensity of contact appears to decrease significantly.

Temper group richness decreases dramatically at Upper Bonito I (TT 2), suggesting a reduction

in the number of sources of production and/or a high degree of craft standardization. No longer uni-

directional, the selection process suggests stabilization. This can be interpreted as a period of stasis

in the decorated ceramic subsystem, perhaps mirroring a period of stability within the cultural sys-

tem as a whole. Although Chupadero wares are present in high frequencies at Upper Bonito I (TT 2),

the lower evenness index might be interpreted as the result of diversifying selection.

The consistently high frequency of Chupadero wares through time implies that local popula-

tions are selecting for this type and recognize it as an advantageous adaptation. As Wiseman and

Becket (1979:400) state, '"everyone knows' that (today) the best water vessels are obtained from

Acoma (ceramic fabric very much like Chupadero Black-on-white)." The long-term and wide-

spread popularity of this Chupadero ware may be due to its functional superiority, as suggested

by the physical attributes of its sherds.

The within-type diversity at Upper Bonito I (TT 1 ) suggests a change in the degree of local

and regional integration during the occupation of this pueblo. Nothing in the decorated ceramic

assemblage supports an occupational hiatus at this time. Rather, the data suggest a time of rapid

transition and a change in the direction of contact from the Mogollon area to the Chupadero Mesa

region. Analysis of sediment samples collected from Upper Bonito I (TT 1 ) also fails to support

a temporary abandonment hypothesis. In contrast, a continuous occupation throughout is suggested

(Wilcox 1995).

By the time of the Lower Stanton Ruin occupation, a stable environment characterized by

increasingly mesic conditions allows for the intensification of horticulture. The rise in frequency

of El Paso and Jornada polychromes, and of jar sherds, may be interpreted as an increasing need

for vessels suitable for the dry storage of agricultural products.
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The physical attributes of both polychrome wares (i.e., thin walls and porous fabric) suggest

that they would have been ideal containers, capable of being both large and relatively light. This

selective advantage of El Paso and Jornada polychrome jars might have affected a partial shift in

the direction of contact, back to the southern and eastern Jornada area.

The within-type temper group diversity at the Lower Stanton Ruin appears to increase, sug-

gesting a number of different sources of production for the decorated wares. Concurrently, the

sphere of contact may have spread to the south, either through direct trade or indirectly through

a trading center such as Bloom Mound. As a result, wares from the Pecos Valley and northern

Mexico make their way into the Lower Stanton Ruin assemblage. These contacts are reflected in

the sample as small percentages of intrusive wares, and in increased decorated ceramic diversity.

Concluding Remarks

Evolution is defined as diachronic change in attribute frequency. Diversity measures applied

to the four decorated ceramic samples from the Fort Stanton Reservation demonstrate that

processes of selection and transmission, acting upon the existing variation, caused the frequency

of specific ceramic attributes to change through time. Such selection and transmission results in

the evolution of the ceramic subsystem.

Within the ceramic subsystem of the project area, the diversity data suggest a period of relative

stability at Pithouse Village followed by a period of rapid change. A significant source of variation

appears to have been introduced with the occupation ofUpper Bonito I (TT 1 ), ca. a.d. 900. This vari-

ation indicates a fundamental shift in the direction and degree of contact from the Mimbres drainage,

the Tularosa Basin, and the southern Mogollon area to Chupadera Mesa and the southern Anasazi

region. In addition, the presence of buff wares from the Chihuahua area and brownwares from the

Pecos Valley suggest continued, if significantly reduced, contact with other culture groups.

This observed shift in the sphere of influence coincides with the beginning of a series of

hypothesized small-scale population migrations from the Chupadera Mesa region into the project

area. The low within-site and within-type diversity values at Upper Bonito I (TT 1) tend to sup-

port this proposition, suggesting diversifying selection acting upon a system in transition.

With time, the selective processes at work on variation appear to have been directed toward

increasing the fitness of the system as a whole. Types previously characterized by a high degree

of internal diversity show increased homogeneity, suggesting increasing standardization of pro-

duction. While Mexican wares are still present in small numbers, exchange between the project

area and other Mogollon groups appears to increase.

The trends suggested by these analyses do not support the hypotheses of an occupational hia-

tus in the project area, nor do they support the idea of a significant cultural lag in the Sierra Blanca

Region as a whole. Although the results of these analyses must be examined in light of sampling

error and sampling size effects, the interpretations suggested by the decorated ceramic data should

be amenable to multidisciplinary testing using different kinds of archaeological data. It is after all

in the nature of an evolutionary paradigm to consider all parts of the system as inextricably relat-

ed to the systemic whole.
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Variation in Flaked Stone Tool Assemblages
Elizabeth McNally

Stone tools and the remnants of their production are the most enduring of the material remains

of past cultures (Crabtree 1982). Traditionally in lithic analysis, assemblages have been temporally

and culturally placed on the basis of morphological or stylistic typologies. These typologies treat

specific artifact types, such as stylized bifaces, as time-stratigraphic markers. The validity and

explanatory value of any cultural unit defined largely on the basis of morphological tool types is

debatable. Any analysis focusing on merely one aspect of an assemblage can recover only partial

information. An experimenter examining nothing but the projectile points in an assemblage, for

example, has limited ability to draw conclusions about the reduction strategies or patterns of raw

material utilization.

This conventional classificatory approach has been questioned. In recent years more attention

has been given to assemblages as a whole, rather than just the "diagnostic" pieces, and to individual

attributes of artifacts, rather than to the morphology of a particular tool (Knudson 1973). The cur-

rent focus of archaeological analysis is shifting from morphological to technological studies, and

ideas of what constitute significant sources of information are changing too. Artifact attributes (such

as flake types, platform remnants, and edge retouch) provide production and utilization information.

Their study may ultimately offer more insight into past cultures than have the established projectile

point typologies.

Many lithic artifacts fall into the category of "debitage." Debitage is defined as "residual lithic

material resulting from tool manufacture" broken both intentionally and unintentionally, either

through manufacture or use. "Debitage flakes usually represent the various stages of progress of

the raw material from the original form to the finished stage" (Crabtree 1982:32). Debitage

deserves more consideration than it has traditionally been given because it makes up a significant

percentage of the lithic artifacts recovered from archaeological sites. The vast amount of debitage

recovered lessens the chance of sampling error. In addition, debitage is the only lithic artifact that

represents all stages of manufacture, from raw material testing to tool resharpening, as well as

use. Debitage provides much information about past cultures, their technologies, and their

economies. Recent research even offers the possibility of using debitage to date sites that lack sty-

listically or typologically diagnostic artifacts, such as projectile points and ceramics (Hicks 1994).

This research project has been inspired by work with attribute-level lithic analysis done by

Patricia Hicks in northern New Mexico (Hicks 1994). Two sites have been chosen as the subjects of

analysis for this project, the Fresnal Rock Shelter and Lower Stanton Ruin. Both sites are located in

south-central New Mexico and both fall within the Jornada Mogollon cultural area. The Jornada

branch of the Mogollon has been defined within an area of southern New Mexico extending east
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into Texas, west of the Rio Grande, and south into Chihuahua, Mexico. The Tularosa Basin, as

well as the Capitan Mountains and the Sierra Blanca-Sacramento chain, falls within the Jornada

area (Stuart and Gauthier 1981).

The Archaic period Fresnal Rock Shelter dates from as early as 5500 B.C. to as late as a.d. 500.

In contrast, the Lower Stanton Ruin falls into the Ceramic period, specifically, the Lincoln phase of

the Jornada Mogollon (a.d. 1200-1450; Cordell 1984; Kelley 1984; Stuart and Gauthier 1981).

These sites are approximately 73 km (45 miles) apart geographically, and are separated in time by

several hundred years (Figure 39). While both appear to be habitation sites, they reflect substantial-

ly different subsistence systems. The Archaic occupants of Fresnal Shelter are primarily hunters and

gatherers (Human Systems Research 1973; Jones 1990), while the Lincoln phase inhabitants of the

Lower Stanton Ruin are primarily horticulturalists (Shelley 1991). The flaked stone assemblages

from these two sites should exhibit variation resulting from a technological change concurrent with

a temporal shift in subsistence and from relatively mobile to primarily sedentary people. Therefore,

their assemblages are suitable vehicles for examining change through time in south-central New

Mexico. The artifact assemblages from both sites are stored at ENMU.

Purpose of the Study

The specific objectives of this study are to: (1) examine samples of lithic debitage and cores

from each of the two sites, and recording certain attributes; (2) statistically test the recorded attrib-

utes to determine whether the assemblages differ in a significant way on the attribute level; and

(3) identify any attributes that may be temporally sensitive. To better develop these objectives, a

set of hypotheses has been developed.

Statement ofHypotheses

Null hypothesis: There is no statistically significant difference in the occurrence of

certain flake and core attributes or in the raw material types in the flaked stone assem-

blages from the Fresnal Rock Shelter and Lower Stanton Ruin.

Alternative hypothesis: There is a statistically significant difference in the occurrence

of certain flake and core attributes or in the raw material types in the chipped-stone

assemblages from the Fresnal Rock Shelter and Lower Stanton Ruin.

Statistically significant differences in the flaked stone assemblages from the RBAP and the

Fresnal Rock Shelter may reflect variation through time or in site function. Hick's (1994) work

with Archaic lithics in northwestern New Mexico serves as the basis for this study. The analysis

component of this research draws from and builds upon the lithic texts written by Crabtree (1982)

and Whittaker (1994), as well as Muto's (1971) work on error recovery techniques. In addition,

the Rio Bonito Archaeological Project Initial Lithic Analysis Implement Category Dictionary,

developed by Shelley (1991) provides a useful framework for this study.
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UTAH

Figure 39. Map of New Mexico with Fresnal Rock Shelter (A) and Lower Stanton Ruin (B)

(Adapted from Metzger 1991:33).
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Assumptions and Limitations

Assumptions concerning this study are outlined below. Concurrently, there are certain limitations,

which are discussed below.

Assumptions:

Certain aspects of technology change through time. That is, subsistence and settlement patterns

change, and with them the accompanying technology that people use to adapt to their environment.

This shift in technology is reflected in the debitage and is detectable using the attributes selected for

the debitage analysis portion of this research.

Limitations:

Differences in excavation techniques from project to project may have resulted in differential

recovery. Fresnal Rock Shelter material was waterscreened, probably resulting in the recovery of

more small flakes, while the Lower Stanton Ruin sediment was run through quarter-inch hardware

mesh. Both excavations involved field school students, so the levels of expertise should be roughly

the same.

Differences in site functions may be reflected in the cores and debitage. Results of attribute

analysis should reflect not only time, but also subsistence and settlement patterns. Because the

variables in this study may be impossible to separate, they are treated as linked or codependent

variables.

Regional Prehistory

Both sites in this study are located within south-central New Mexico. The Fresnal Rock

Shelter is near the town of High Rolls, and the Lower Stanton Ruin is to the northeast, between

the towns of Lincoln and Capitan. The sites are approximately 73 km (45 miles) apart. The

Fresnal Rock Shelter sits at 1,920 m (6,300 feet) in elevation, while the Lower Stanton Ruin is at

1,844 m (6,050 feet).

The earliest known occupation of the Tularosa Basin is represented by small Paleoindian

campsites. Archaeological evidence demonstrates that the basin has been used by humans for at

least the last 10,000 years, with permanent residency only in the last 4,000-5,000 years.

Investigations at Fresnal Shelter indicate that humans were well adapted to "broad spectrum" use

of plants and animals by about 4,000 years ago. Residents of the area exploited resources in vary-

ing seasons and biomes from the Sacramento Mountain crest to the Tularosa Basin floor (Human

System Research 1973). Maize appears at Fresnal Shelter approximately 4,000 years ago, but

makes up only a small portion of the diet. At that time, early domesticates (including maize) were

probably planted along streams and left on their own until the planters returned as a part of their

seasonal round of resource exploitation. By a.d. 600-800, domesticates became increasingly

important, and the population began to reside in pithouse villages on alluvial fans along the east-

ern edge of the Tularosa Basin. After a.d. 1000, the importance of agriculture to the people of the

region led to the alteration of previous settlement and subsistence patterns. Farming populations
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moved away from the alluvial fan settings to cluster in adobe surface pueblos on flood plains in

areas suitable for large-field farming (Human Systems Research 1973).

Fresnal Rock Shelter

The Fresnal Rock Shelter (LA 10101) is located in south-central New Mexico on the eastern

edge of the Tularosa Basin. The shelter sits in Fresnal Canyon, on Lincoln National Forest land

near the town of High Rolls. The site is positioned at approximately 1, 920 m (6,300 feet) in ele-

vation at the base of a south-facing limestone cliff along the western face of the Sacramento

Mountains, 9.7 km (6 miles) west of the crest. The cliff projects out approximately 15 m (49 feet),

providing about 10 m (33 feet) of protected space along its face. The site parallels the base of the

cliff for about 30 m (98 feet) (Human Systems Research 1973). A permanent spring-fed stream

runs through the canyon bottom below the shelter (Jones 1990).

Current vegetation in the area of the Fresnal Rock Shelter includes creosote bush (Larrea

tridentate), mesquite (Prosopis glandulosa), broadleaf yucca {Yucca torreyi), cacti {Opuntia spp.),

sotol (Dasylirion wheeleri), and grasses growing on the talus slope on the south side of the canyon

in front of the shelter. The north side of the canyon supports pinon (Pinus edulis) and juniper

(Juniperus monosperma) trees, scrub oak (Quercus gambelli), and agave (Agave parryie) plants

(Bohrer 1981; Tagg 1996).

Modern fauna in the Tularosa Basin and Sacramento Mountain area historically have includ-

ed elk (Cerus canadensis), deer (Odocoileus sp.), bighorn sheep (Ovis canadensis), bear (Ursus

americanus), bison {Bison bison), bobcat {Lynx rufus), fox (Urocyon cinereoargenteus), coyote

(Canis latrans), rabbit (Lepus californicus and Sylvilagus audobeni), skunk (Mephitis mephitis),

porcupine (Erethizon dorsatum), and several species of Rodentia (Jones 1990).

Evidence indicates that there has been minimal climatic change in the area over the past 4,000

years. Below 2,134 m (7,000 feet) temperatures and frost-free periods are amenable to the cultiva-

tion of maize. Upslope locations consistently receive higher rainfall, and shallow water tables exist-

ed in canyon bottoms until recently. These conditions would have made upslope locations, such as

the Fresnal Rock Shelter, ideal for maize horticulture (Human Systems Research 1973).

Because of its inconspicuous and somewhat inaccessible location, the Fresnal Rock Shelter

has been largely undisturbed prior to professional excavation. Fresnal is one of approximately 30

Archaic rockshelters in the western Sacramento Mountains located during the late 1950s and

early 1960s by archaeologists Mark Wimberly, Mike Marshall, and Don McCloud. Wimberly

returned with Dr. Cynthia Irwin-Williams to test the site, resulting in a preliminary 14C date of

3615 b.p. (Wimberly and Eidenbach 1981:21). Professional excavations at Fresnal began in 1969

and continued through the 1971 field season under the direction of Irwin-Williams. Human
Systems Research conducted the 1972 excavations and subsequent analysis (Human Systems

Research 1973).

Deposits in the shelter are as deep as 2 m (6.5 feet). The lowest layer is alluvial gravel; above

it are mixed eolian silt and limestone spalls from the cliff. The upper two stratigraphic units are a

loose gray-brown soil, with a layer of cattle manure above it (Tagg 1996). Bohrer (1981) reports
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disturbance at the site by rodents, rockfall, human occupants (digging and filling in pits), and

recently by domestic animals (presumably cattle or sheep). Mixing also likely occurs from repeat-

ed and scattered human occupations in a slowly aggrading sedimentary environment. People

walking across archaeological remains could have mixed the upper few centimeters of deposits

(Jones 1990). Tagg (1996) notes additional damage occurring between professional field seasons.

Fresnal Rock Shelter is important because of the potential amount of information it offers

about the little-known Southwestern Archaic period. "Less than half of the shelter deposits have

been formally excavated, yet the recovered material constitutes one of the largest and most com-

plete records of excavation in a stratified, preserved Archaic site in the Southwest" (Wimberly and

Eidenbach 1981:22). These excavations have uncovered 30 cylindrical pits, several small hearths,

and one human burial. Recovered material includes 6.5 million pieces of lithics and 28,000 pieces

of bone, as well as sandals, basketry, cordage, cultigens, wooden tools, feathers, hide, shell, and

charcoal (Human Systems Research 1973; Tagg 1996).

Artifactual materials, as well as the nature of the site, suggest that the Fresnal Rock Shelter is

of Archaic age. The Archaic period in the Southwestern United States begins ca. 5500 or 5000

B.C. and ends at different times in different areas of the Southwest. In some cases, they may vary

by as much as 1,000 years (between 500 b.c.-a.d. 500), depending on local factors (Cordell 1984;

Stuart and Gauthier 1981). The radiocarbon dates derived from the shelter over the course of this

work span a broad period of a time (Table 54). Including the most recent radiocarbon samples run

by Tagg (1996), dates for Fresnal Shelter range from 6122 b.c.-a.d. 261^427. Radiocarbon dates

and subsequent analyses, as well as the absence of ceramics, indicate that Fresnal Shelter falls

within the Archaic period. The Archaic of southern New Mexico is characterized by high mobil-

ity and broad spectrum hunting and gathering, with seasonal movement to different locations for

various resources. In the Late Archaic, there appears to have been an increased reliance on wild

plants, with the introduction of maize ca. 2000-1500 B.C., resulting in maize horticulture in addi-

tion to hunting and gathering (Cordell 1984).

Wimberly and Eidenbach (1981:21) assert that the Fresnal Rock Shelter deposits "represent

the remains of a consistent adaptive strategy." Cultural remains recovered from Fresnal Shelter

support the notion of continuity in subsistence practices over the broad period of occupation.

Faunal and macrobotanical analyses indicate little change through time in the plant and animal

species exploited. The form and style of textiles, basketry, sandals, woodwork, and chipped stone

vary little, and although stylized biface forms change through time, the atlatl is used consistently.

Artifact frequencies within components vary, but the spectrum remains the same. This suggests

that "horticultural pursuits represented a low energy/high risk buffering strategy resource which

did not seriously affect hunting and gathering modes of subsistence until after the shelter had been

abandoned" (Wimberly and Eidenbach 1981:21).

Faunal remains found at Fresnal Shelter suggest that it represents a seasonal hunting base

camp, occupied on a short-term basis during late summer and fall. Wimberly and Eidenbach

(1981) have analyzed 25,000 fragments of large mammal bone. A minimum of 29 individuals,

879 fragments, have been identified to the species level. Of these identified fragments,

148



Variation in Flaked Stone Tool Assemblages

Table 54. Radiocarbon Dates from Fresnal Rock Shelter (adapted from Jones 1990; Moots 1990;

Tagg 1996)

Sample Excavation Sample «C Adjusted Dendrocalibrated Age
Number* Unit Type Age B.P. Range (1-Sigma)

AA6403 C29 Maize kernal 1665±55 A.D. 264-428

AA6411 C29 Maize kernal 1690±55 A.D. 261-423

AA6410 C29 Maize kernal 1720±65 A.D. 245-217

Beta 36738 B27 Wood charcoal 1890±60 A.D. 34-229

AA6406 C29 Maize kernal 1935±65 A.D. 4-132

AA6404 C29 Bean 1955±55 A.D. 2-127

A 3071 D27 Maize kernal 1990±320 388 B.C.-A.D. 409

AA6405 D27 Bean 2015±65 87 B.C.-A.D. 65

AA6408 C29 Maize stalk 2015±60 85 B.C.-A.D. 62

AA 6407 D27 Bean 2085±60 170 B.C.-A.D. 1

A 3070 D27 Maize cob 2540±200 891-395 B.C.

ISGS 897 C29 Wood charcoal 2690±80 965-793 B.C.

Beta 36742 C29 Wood charcoal 2740±60 969-811 B.C.

ISGS 969 C29 Wood charcoal 2770±70 1004-826 B.C.

Beta 36741 C29 Wood charcoal 2890±70 1209-937 B.C.

AA6409 D27 Maize cob 2880±60 1206-937 B.C.

AA6402 D27 Maize cob 2945±55 1243-1014 B.C.

ISGS 955 G22 Wood charcoal 3030±70 1385-1111 B.C.

Beta 36745 D28 Wood charcoal 3040±70 1391-1113 B.C.

ISGS 888 D27 Wood charcoal 3150±70 1490-1318 B.C.

Beta 36744 C32 Wood charcoal 3510±90 1924-1664 B.C.

Beta 36743 C29 Wood charcoal 3590±70 2027-1776 B.C.

GX 1448 C31 Wood charcoal 3615±120 2136-1746 B.C.

Beta 36740 C27 Wood charcoal 4800±70 3651-3392 B.C.

Beta 36739 C25 Bison dung 5090±60 3964-3797 B.C.

ISGS 845 B28 Wood charcoal 7110±75 5994-5865 B.C.

ISGS 812 C27 Wood charcoal 7310±75 6184-6021 B.C.

Note: A = University of Arizona Radiocarbon Laboratory (submitted by Bohrer in 1982); AA = University of Arizona Radiocarbon Laboratory (Tagg

1996); Beta = Beta Analytic (Jones 1990; Moots 1990); GX = Geochron Laboratories (submitted by Irwin-Williams in 1969); ISGS = Illinois State

Geological Survey (submitted by Carmichael in 1982).

99.7 percent (26 individuals) represent mule deer (Odocoileus hemionus). The remaining three

individuals are one bison (Bison bison), an antelope {Antilocapra americana), and a bighorn

sheep (Ovis canadensis). Six of the individual mule deer could be aged, and the results indicate a

late summer to early fall kill. Although this sample is small, it agrees with the seasonal availabil-

ity of plant remains also recovered from the shelter.

Analysis of faunal remains from the Fresnal Rock Shelter deposits support the hypothesis of

Fresnal Shelter as a seasonal hunting base camp where game was processed into easily trans-

portable packages. High muscle mass elements (scapula, humerus, lumbar vertebrae, femur, and

proximal tibia) are less common and appear to be transported elsewhere. In contrast, low muscle

mass elements (mandible, skull, lower limb elements, cervical and thoracic vertebrae, and distal

ribs) appear to be left behind and consumed or discarded at the site (Cameron 1973; Wimberly

and Eidenbach 1981). This distribution of elements at Fresnal Shelter is similar to archaeological

and ethnographic examples of hunting camps. Cameron (1973) also cites evidence that rodents

are expediently consumed.
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Bohrer (1981) concludes from her botanical analysis that there are 1 1 plant types commonly

recovered from Fresnal Shelter. Maize is relatively rare because it does not appear until the Late

Archaic. The most common dietary items are either perennials with predictable locations or plants

with a long period of availability once they mature. Of the most frequently used foods at the shel-

ter, Bohrer (1981) notes that many are high in net calories furnished. That is, they have a low

collection and preparation cost relative to their total calories. Maize has a high cost, as it requires

planting, tending, harvesting, parching, and grinding. Bohrer's (1981:48) analysis of plant

remains from Fresnal Shelter suggests a "balance between seeds that can be cached and plant

products that persist on the plant beyond the normal growing season (tubers, roots, juniper berries,

cactus bodies)." Remains in the form of uneaten chunks of root, intact maize kernels, and whole

beans indicate to Bohrer that plant resources were not scarce at this time, as carelessness with

food implies abundance. Alternatively, these remains may represent caching of food items.

Excavation at Fresnal Rock Shelter and the analysis results are further discussed in a series of

papers in the Human Systems Research Technical Manual (1973) and in The Artifact: Essays in

Honor of Mark Wimberly (Wimberly and Eidenbach 1981). Hall (1973) describes an infant burial

recovered from Units B30 and C30 at Fresnal Shelter during the 1971 field season. He estimates the

age of this individual as seven to eight months (Hall 1973). Allan's (1973) essay is a description of

the basketry, which has similarities with Anasazi and Western Mogollon basketry. In addition to the

paper by Hall, Cameron, and Allan, the Human Systems manual includes information from soil and

vegetation surveys.

Two ENMU theses have been written on the Fresnal Rock Shelter. Jones (1990) examined 128

stylized bifaces and a sample of lithic debitage from Fresnal Shelter. Excavations at Fresnal have

yielded approximately 6.5 million pieces of lithic material, including scrapers, knives, choppers,

utilized flakes, thermally altered rock, rock fall, ground stone, debitage, and the 128 stylized

bifaces. The bulk of this material is burned rock and roof fall (Jones 1990).

In his analysis of the debitage sample, Jones (1990) finds that biface thinning and interior

flakes predominate. He postulates three explanations for this pattern: (1) the inhabitants of Fresnal

Shelter "carried only preforms, blanks, and manufactured tools...and little decortication of lithic

materials was necessary;" (2) the decortication phase was performed outside of the shelter; or (3)

the sample was biased and represented a functionally specific area. Bifacial thinning and interior

flakes are considered indicative of late stage manufacture and retooling of bifaces. He concludes

that the debitage at Fresnal Shelter implies a temporary camp because of the predominance of these

two flake types at the shelter.

Chert and limestone are the most common raw materials in the debitage sample. Jones (1990)

finds that 43 percent of the decortication flakes are of locally available limestone, but chert is

favored for biface production. X-ray fluorescence of four obsidian flakes from TU C29 indicate

that these flakes originate in the Jemez Mountains of north-central New Mexico. The distance

between Fresnal Shelter and the Jemez Mountains likely accounts for the paucity of obsidian

found at the site. Jones (1990) views the absence of obsidian as being consistent with the inhab-

itants' infrequent use of other non-local materials.
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Jones' (1990) analysis of stylized bifaces has identified 21 different types, with cultural influ-

ences including Archaic Chihuahua and Cochise/Mogollon of southern Arizona, southwestern

New Mexico, and northern Mexico, and the Oshara tradition of northern New Mexico. Many of

the stylized bifaces show evidence of reworking.

Although Jones (1990:105) expected to observe a change from a core to a flake technology over

time, he instead found that "the flake stone technology of the Fresnal Rock Shelter appears to be the

same throughout its occupational history and is representative of a reworking and refurbishing tech-

nology." In other words, he actually noted that there is very little change in lithic technology during

the entire span of occupation at the Fresnal Rock Shelter.

Because both Jones (1990) and Moots (1990) were doing thesis research on the Fresnal Rock

Shelter, they collaborated and submitted eight radiocarbon samples for dating—seven charcoal

and one bison dung sample. The resultant dates range from 3951-3824 B.C. to a.d. 1 13. Part of

the early temporal span for the site is based on bison dung samples.

For her thesis, Moots (1990) examined cordage from the deposits at Fresnal Shelter. She has

investigated cordage manufacture in such items as matting, twine, snares, netting, basketry, san-

dals, and knots. Moots (1990) hoped to establish a chronology of culture change through variation

in the manufacture, use, and discard of cordage. She classified and measured twist, weighed the

cordage, recorded the presence of dyeing, wrapping, breaking, end finishing, and knotting. Moots

(1990) noted that cordage at Fresnal Shelter was concentrated between 3896-2782 b.p. (1947-833

B.C.), and is less frequent in a strata above and below these dates. She concludes that the presence

of knots indicates that bundles were tied and snares were made. She inferred conservation of

cordage from the fact that short scraps of it were tied together. Cordage was finally discarded when

fragmented or worn, and some burned cordage indicated possible disposal in fires (Moots 1990).

Tagg (1996) has undertaken the most recent work on the Fresnal Rock Shelter. Results of

radiocarbon dating of 10 cultigen samples (corn and bean) by tandem accelerating mass spec-

trometer indicate that cultigens are present at the Fresnal Rock Shelter as early as 2945 ± 55 b.p.

(1243-1014 B.C.). The radiocarbon ages for maize fall between 2945 ± 55 b.p. and 1665 ± 55 b.p.

(1243-1014 B.C. to a.d. 264^128). Bean dates cluster between 2085 ± 60 and 1995 ± 55 b.p. (170

b.c.-a.d. 1 to a.d. 2-127).

These dates provide evidence of long-term use of cultigens and "suggest the successful, sta-

ble adaptation of agriculture at the site around the time of the initial appearance of maize and

beans in the Southwest" (Tagg 1996:9). Tagg's dates indicate the presence of maize at Fresnal

Shelter at least 400 years earlier than previously thought. These dates also suggest that the Fresnal

Rock Shelter is occupied at least 200 years longer than indicated by prior dating techniques (Tagg

1996). The various dates from Fresnal over the years indicate a 5,400 year occupation, ranging

from 6122 b.c.-a.d. 1 13. Tagg's (1996) dates extend the occupation to a.d. 264-428.

Tagg found that cultigens date between 200 and 1 ,225 years younger than associated charcoal.

This clearly demonstrates the problems of using wood charcoal to accurately establish the age of

associated cultigen. Tagg ascribed this discrepancy to either the use of old wood or false associ-

ations of wood and cultigen samples.
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Tagg concluded from these radiocarbon dates that the Fresnal Rock Shelter is occupied

throughout the Archaic period. He interpreted the new radiocarbon dates of cultigens as indica-

tive of "the use and storage of maize and beans throughout the Late Archaic period, and perhaps

even the successful adaptation of agriculture."

Lower Stanton Ruin

The Lower Stanton Ruin (LA 69102) is located on the Fort Stanton Military Reservation

between the towns of Lincoln and Capitan, New Mexico. The site is in the Sierra Blanca Region,

east of the Sacramento Mountains and south of the Rio Bonito on an alluvial fan at approximately

1,844 m (6,050 feet ) in elevation. The site originally appears to have consisted of adobe surface

structures either in the form of a closed rectangle or roughly rectangular, with an open end downhill

to the north. Extensive excavations in the past, both authorized and unauthorized, preclude any con-

clusive determination of the original site layout (Shelley 1991, 1992a).

The Sierra Blanca Region was defined by Kelley (1984) while she conducted archaeological

fieldwork for Texas Tech University from 1950-1956. The Glencoe phase, occurring in the southern

part of the research area, dates to approximately a.d. 100-1450. The Corona and Lincoln phases

occur in the northern part of the area and date to roughly a.d. 100-1200 and 1200-1400 or 1450,

respectively (Kelley 1984).

The Lower Stanton Ruin conforms to Kelley 's (1984) definition of the Lincoln phase. She dates

the Lincoln phase to the mid-Pueblo III period (a.d. 1200-1400), with abandonment occurring

approximately between a.d. 1400-1450 (Farwell 1992; Kelley 1984). Lincoln phase sites tend to

occur in the pinon-juniper belt of the Upper Sonoran life zone, in a variety of topographic settings

(Kelley 1984). The Lower Stanton Ruin's placement on an alluvial fan near the Rio Bonito is con-

sistent with Kelley's findings.

Architecture during the Lincoln phase takes the form of multi-room, stone masonry pueblos and

coursed adobe pueblos, which range in size from 10-12 rooms. Kelley (1984:52-53) reports two

basic ground plans: "(1) a linear houseblock fronting east on a plaza and subterranean chamber, and

(2) an enclosed square built around a small plaza."

Subsistence during the Lincoln phase consists of corn agriculture supplemented by hunting and

gathering. Kelley (1984) lists thorn apples (Crataegus), sunflower seeds (Helianthus annuus), cholla

buds (Opuntia arborescens), walnuts (Juglans sp.), deer {Odocoileus spp.), antelope (Antilocapra), and

smaller game among these supplements. Architecture, ceramics, and macrofossils indicate that the

Lower Stanton Ruin was occupied by horticulturists.

Kelley (1984) reports corner- and side-notched stylized bifaces during this phase. Other flaked

stone tools are made on "random interior flakes," and there is little standardization of scrapers,

gravers, drills, and knives (Kelley 1984).

Vegetation and fauna in the area of the Lower Stanton Ruin are consistent with the Upper

Sonoran life zone. Shelley (1992a) describes the local woodland community as pinon-juniper-

oak. Pinon pine dominates the higher elevations, while the middle elevations have a mix of the

major trees, and the lower elevations are juniper-grasslands. Most of the Fort Stanton
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Reservation, including the Lower Stanton Ruin, falls within the pifion-juniper belt, which occurs

at elevations between 1,372- 1,981 meters (4,500-6,500 feet) (Holloway 1991). The Lower

Stanton Ruin occurs at 1,844 m (6,050 feet) in elevation. This zone is dominated by pinon and

juniper, and also includes desert species, such as Atriplex, Sarcobatus, Yucca sp., and members of

the Cactaceae family (Holloway 1991; Shelley 1992a). Holloway (1991) describes the landscape

as dry and rocky, with precipitation ranging between 25-50 cm (10-20 inches) per year.

Intermixed with the dominant pinon-juniper belt are stands of cholla scrub and grasslands, as well

as riverine communities along the Rio Bonito drainage. The vegetational communities within the

Fort Stanton Reservation are best described as mosaic in character (Holloway 1991).

This local community includes pinon pine (Pinus edulis Englem.), alligator bark juniper

(Juniperus deppeana Steaud.), one-seed juniper (J. monosperma Engelm.), gambel oak {Quercus

gambelii Nutt.), wavyleaf oak (Q. undulata), ponderosa pine {Pinus ponderosa Doug.), and occa-

sionally limber pine (P. flexilis James). Also locally present are mountain mahogany

(Cercocarpus montanus Raf.), prickly pear (Opuntia sp.), yucca (Yucca spp.), grape (Vitis sp.),

and various grasses (Poaceae). Walnut (Juglans major Berland or J. major Ton:), box-elder (Acer

negundo L.), and cottonwood (Populus sp.) are all present near the course of the Rio Bonito

(Shelley 1992a).

Modern fauna include mule deer (Odocoileus hemoinus), pronghorn (Antilocapra ameri-

cana), porcupine (Erethision dorsatum), coyote (Canis latrans), beaver (Castor sp.), and skunk

(Mephitis sp.). Various rodents are present, including field mice (Mus spp.), woodrats (Neotoma

spp.), pocket gophers (Geomys spp.), ground squirrels (Citellus spp.), jackrabbits (Lepus sp.), and

cottontails (Sylvilagus sp.). Raptors (Accipter and Butteo sp.), crows (Corvus brachyrhynchos),

and an occasional wild turkey (Meleagris gallopavo) occur among the avifauna (Shelley 1992b).

Coleman (1991a) analyzed eight "amberized" woodrat (Neotoma) middens following the

1988 field season. These middens were collected from the Fort Stanton area and radiocarbon

dated from ca. 1800 B.C. to the mid-A.D. 1600s, with the record most continuous between a.d.

1200 and the mid- 1600s. The paleoenvironmental conditions have been reconstructed through the

analysis of pollen from these middens (Coleman 1991a; Shelley 1992b).

The pollen record indicates that by ca. a.d. 900 the area supports an established pinon-juniper

woodland with a strong grass component (Coleman 1991b; Shelley 1992b). Around a.d. 1200

Pinus pollen increases, probably indicating moister local conditions. Pollen from the mid- 1200s

demonstrates that relatively mesic conditions continue (Shelley 1992b). "It is in this vegetational

community that the first known pithouse communities of the Rio Bonito become established"

(Coleman 199 la: 17).

Zea mays was cultivated by a.d. 1280, as its pollen begins to appear in the fossil record. High

levels of Cheno-am and high-spine composites indicate agricultural disturbance, and thus provide

corroborating evidence, in addition to the maize pollen (Coleman 1991a, 1991b). The pollen

record points to a well-established riverine community at this time, possibly with some drying of

vegetation on the ridge tops (Coleman 1991a, 1991b).
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Although the stream bottom retains a rich riparian community, the pollen record by a.d. 1422

indicates that the area either became more xeric or suffered from local deforestation after 500

years of human occupation. In the 1500s, after abandonment, the area became increasingly arid

(Coleman 1991a, 1991b; Shelley 1992a).

Evidence (in the form of old correspondence, personal communications, oral history, and

permits) indicates that excavations at and collections from the Lower Stanton Ruin may have

begun as early as the late nineteenth century. During that time, U.S. Cavalry soldiers and gov-

ernment employees stationed at nearby Fort Stanton visited the site. The intensity of collecting

at the Lower Stanton Ruin may be due to the site being more accessible and visible than the

Fresnal Rock Shelter.

During the 1950s and 1960s, Dr. Paul Reiter of the University ofNew Mexico conducted field

school excavations at the Lower Stanton Ruin, as well as at Feather and Beth Caves to the north

(Roosa 1952; Shelley 1991). Shelley (1991) states that notes, maps, photographs, and reports are

not currently available from these excavations, but efforts to retrieve them from Reiter's widow

are being made.

The most recent work at the Lower Stanton Ruin was conducted under the auspices of the RBAP.

The RBAP was established in 1 987 in the form of a multi-year cooperative research and training

agreement between ENMU and the BLM. The project, under the direction of Dr. Phillip Shelley,

addressed regionally significant questions, provided educational opportunities for graduates and

undergraduate archaeology students, and generated data for BLM planning and interpretive needs.

Taking a contextual approach, this project focused on questions concerning the paleoenvironment,

land-use patterns, prehistoric subsistence activities, and past social and demographic conditions

(Shelley 1992a).

Fieldwork for the RBAP began in the summer of 1988, with test units placed at three sites:

Upper Bonito I (LA 84319), the Lower Stanton Ruin (LA 69102), and Rio Bonito Pithouse

Village (LA 37452). Two test units, each measuring 2 x 2 m, were excavated at the Lower Stanton

Ruin during the RBAP 1988 field season. TU 1 was placed at the south end of the pueblo, and TU
2 was excavated in the sheet trash to the north of the ruins. Both test units revealed extensive sub-

surface disturbance, both from burrowing rodents (kroatovina) and from prior excavations.

Loosening of the sediment by previous excavation appeared to make the Lower Stanton Ruin

especially susceptible to bioturbation. Shelley (1991) reported that rodent burrows churned and

mixed artifacts and sediments, as well as damaging the remains of floor surfaces and walls.

The two RBAP 1988 test units at the Lower Stanton Ruin revealed structural adobe floors with

adobe post collars. This pattern of construction corresponded with that described by Kelley (1984)

as characteristics of the Lincoln phase (Shelley 1991).

Charcoal samples, assumed by their size to be from structural timbers, have been recovered

from both the Lower Stanton Ruin test units. Radiocarbon analysis of these samples have placed

TU 1 at a.d. 1305-1431 and TU 2 at a.d. 134-211 (Shelley 1991, 1992a). This difference in

radiocarbon ages between the two units has been evaluated through an analysis of the decorated

ceramics from the units. Decorated ceramic type frequencies and their dates in other areas of the
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Southwest are consistent with Shelley's assessment that the a.d. 134-21 1 age from the test unit

samples is the result of old wood use (Shelley 1991). Radiocarbon determinations confirm that

the Lower Stanton Ruin was occupied between a.d. 1305 and 1431, well within the time range

established for Kelley's (1984) Lincoln phase, a.d. 1200-1450 (Shelley 1991, 1992a).

Ceramic types recovered during the 1988 testing at the Lower Stanton Ruin correspond with

Kelley's definition of Lincoln phase ceramic assemblages (Shelley 1991). Aguila's (1995) attribute-

level analysis of decorated ceramics, recovered during the RBAP 1988 and 1991 field seasons,

include a sample of sherds from the Lower Stanton Ruin. She suggests that the decorated ceramics

from the Lower Stanton Ruin imply "an increasing need for vessels suitable for the dry storage of

agricultural products." Aguila concludes from her analysis that ceramics from the Sierra Blanca

Region do not indicate an occupational hiatus or significant cultural lag.

These two RBAP 1988 test units also yielded a total of approximately 1,100 lithic artifacts.

Lithic samples from the two units, however, differ substantially. Shelley (1991) suggests that this

difference may be due to functional variation across the site. He (Shelley 1991) postulates that TU
1 may be an activity area outside of the pueblo walls.

Shelley (1991:39-68) describes the artifacts from TU 1 as "residual from flaked stone tool

manufacturing and maintenance." Shelley (1991) also infers some biface manufacturing and

maintenance, based on the presence ofbifaces and biface thinning flakes in the recovered assemblage.

Other lithic activities represented in TU 1 are ground stone manufacture, use and maintenance. The

sample from TU 2 is substantially different. Nearly 70 percent of the lithics recovered from TU 2 are

thermally altered, fire-cracked rocks.

The majority of raw materials, recovered from the 1988 test units at the Lower Stanton Ruin,

are locally available limestones, cherts, chalcedonies, and quartzites. No obviously imported raw

materials have been recovered. Shelley (1991) reports an outcropping of chalcedony along ridge

tops north of the Rio Bonito, approximately 2-2.5 km (1.2-1.5 miles) northwest of the Lower

Stanton Ruin. Discarded flakes and cores at the outcrop location indicate prehistoric exploitation.

Shelley (1991) describes this chalcedony as quite variable in quality, as well as in shape and size.

Samples recovered from the chalcedony outcrop "macroscopically resemble" debitage from the

Lower Stanton Ruin (Shelley 1991:122).

RBAP 1988 testing at the Lower Stanton Ruin also recovered one badly disturbed burial of a

child less than 12 years old. Minimal faunal material has been recovered as well. One-third of the

faunal material consists of rodent remains, and probably is the result of natural processes. Some

bird and large mammal remains may represent food material (Shelley 1991).

Following the 1988 RBAP field season, both Upper Bonito I and the Lower Stanton Ruin were

excavated more extensively, during the summers of 1991 and 1993, respectively. Forty square

meters of test units were excavated at Upper Bonito I during the summer of 1991 (Shelley 1992a).

During the RBAP's 1993 field season, the Lower Stanton Ruin was more extensively excavated. The

1993 excavations took the form of a series of 2 x 2 m units, arranged in a rough "L" shape. These

excavations covered an area totaling 61 m 2
(14 2 x 2 m units, two 1 x 2 m units, and one
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1 x 1 m unit). The Lower Stanton Ruin lithic assemblage analyzed for this study was collected

during the 1993 field season.

Archaeomagnetic dating samples were taken from a hearth during the 1993 RBAP excava-

tions, but results were inconclusive and failed to further clarify the Lower Stanton Ruin's tempo-

ral placement within the Lincoln phase. Dating of three radiocarbon samples (Table 55), collect-

ed during the RBAP 1993 excavations, yielded dates of a.d. 1400-1430 and 1430-1480 from the

hearth area, and a.d. 1300-1410 from the trash pit (Hood 1994).

Table 55. Radiocarbon Chronology of Sites Investigated in Study (based on Hood 1994;

Shelley 1991, 1992a, 1992b)

Radiocarbon Calibrated Age Range
Site Context Years BP. Mean Age (1-Sigma)

Pithouse Village Trash 1070 ±90 A.D. 980 A.D. 886-1021

Upper Bonito I Pit Depression/Roof Support 1050 ±60 A.D. 991 A.D. 900-1021

Upper Bonito I Pit Depression/Trash 890 ± 60 A.D. 1163 A.D. 1034-1221

Upper Bonito I Surface Dwelling/Roof Support 860 ± 70 A.D. 1182 A.D. 1043-1253

Lower Stanton Ruin Trash Pit 620 ± 60 A.D. 1355 A.D. 1300-1410

Lower Stanton Ruin Roof Support 550 ± 70 A.D. 1404 A.D. 1305-1431

Lower Stanton Ruin Inside Hearth 550 ± 50 A.D. 1415 A.D. 1400-1430

Lower Stanton Ruin Inside Hearth 440 ± 50 A.D. 1455 A.D. 1430-1480

Note: All dates from carbonized wood; all radiocarbon analyses performed by Beta Analytic, Inc.; dendrochronological

calibration followed methods outlined by Stuiver and Pearson (1986).

A number of ENMU theses have resulted from the RBAP. The results of Coleman's (1991a)

work with pollen from Neotoma middens and Aguila's (1995) analysis of decorated ceramics have

already been discussed. Other theses include Wilcox's (1995) geoarchaeological analysis of depo-

sition in the pit structure at Upper Bonito I, Anderson's (1993) examination of the historic World

War II internment camp on the Fort Stanton grounds, but they do not directly relate to this research.

Lithic Analysis

The inspiration for this study came from "The Use of Debitage Attributes as Temporal

Indicators: Two Studies from Northern New Mexico," a discussion by Patricia A. Hicks (1994) of

her work with attribute level debitage analysis of Archaic lithic assemblages. Hicks has reviewed

a number of debitage studies in the northern Southwest. On the basis of this and other work, she

(Hicks 1994:478) has defined "undiagnostic lithic scatters" as "those lithic scatters that do not

contain observable temporally diagnostic artifacts" and as "those sites from which no chrono-

metric samples or temporally diagnostic artifacts have been recovered."

The lithic comparisons in Hicks' work generally compare all Archaic phases as a unit to all

Puebloan phases as a unit. I have attempted to apply some of the same concepts in a comparison

of the Fresnal Rock Shelter (an Archaic site) and Lower Stanton Ruin (a Lincoln phase Jornada

Mogollon pueblo).

Among the attributes examined by Hicks (1994) are raw material (type, variety, quality, and

local or non-local source), flake type, amount of cortex, platform preparation, core to debitage
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ratios, utilization of debitage, frequency of retouched or curated tools, prevalence of bifacial ver-

sus flake blanks, core type, and heat treatment. "The key to using debitage attributes as temporal

indicators appears to be to employ a suite or set of attributes, rather than just one or two, to build

a temporal profile" (Hicks 1994:500-502).

Hicks' (1994) analysis of Archaic debitage in the Arroyo Cuervo region demonstrates that

variability due to both site function and to temporal placement may be identified. Her analysis

identifies detachment method, lithomechanical class, and flake type as the most discriminating

attributes for measuring the temporal distance between groups. On the other hand, in testing for

attributes that indicate functionally different sites, Hicks (1994) found that variation in the

frequency of heat-treatment and flake type are the best indicators.

Hicks identified some problems with her method, however. For example, her technique is

labor-intensive and requires some lithic analysis background. Furthermore, repeated occupations

of a site by different groups, or the use of earlier sites as raw material sources by later groups

affect the results. In addition, the difficulty of obtaining a "baseline" sample for each time period

and cultural group in an area may make the method impractical. Finally, unknown samples intend-

ed for comparison to the baseline samples "should come from discrete locations that have a high

probability for dating to a single temporal period" (Hicks 1994:521).

Hicks' approach is to begin with debitage samples from known and dated contexts, a delimited

a set of attributes that vary temporally, and then compare debitage samples with unknown dates to

the known samples. If the approach used by Hicks in northern New Mexico is to be applied to flaked

lithic assemblages from south-central New Mexico:

1) It must first be demonstrated that there are statistically significant differences

at the attribute level in the assemblages from the Fresnal Rock Shelter and

Lower Stanton Ruin;

2) Next, those characteristics that appear to be temporally sensitive and those that

are functionally sensitive must be identified; and

3) Those suites of attributes thought to be temporally and functionally sensitive

should be tested on lithic assemblage(s) other than the sample from which they

are originally derived.

Step number three is somewhat beyond the scope of a thesis. As a result, only steps one and

two have been applied to this study.

In recent years, optimization theory has become a central tenet of lithic studies. The idea is that

humans use the most efficient strategies, that is, those that maximize the output of benefits (time,

energy, food, and lithic raw material) relative to the input. Optimization theory as it is used in anthro-

pology is most often applied to mobile hunter-gatherers and efficiency in food procurement.

Tools are viewed as optimal solutions to problems faced by people. The premise of optimiza-

tion in lithic studies is that tool use maximizes human expenditure of time and energy. Reduction

of risk, as opposed to maximization, may be a more accurate way to describe the application of
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optimization theory in lithic studies. That is, people rarely use the most efficient strategies.

Instead, behavior that minimizes risk is more likely (Torrence 1989).

Optimization, as it applies to lithics, does not mean that "progress," in the sense of increasing

complexity, is inevitable. Rather, technology is a situational adaptation that involves choosing the

most efficient option (Torrence 1989).

Many regional lithic studies of the 1980s emphasize the difference between Archaic and

Formative assemblages (Vierra 1993). Out of this work has grown the generalization that Archaic

hunter-gatherers rely on bifacial technologies, while Ceramic period agriculturists tend to use simple

flake technologies. This technological difference is considered linked to mobility, specifically to the

increase in sedentism through time (Vierra 1993).

Rochelle Lurie (1989) examines the relationship between lithic strategy and mobility during

the Middle Archaic at the Koster site in southwest Illinois. For highly mobile hunter-gatherer

groups, Lurie predicts that, because high mobility makes carrying unnecessary items inefficient,

assemblages should consist of expedient tools, multipurpose tools, or both. Expedient tools are

simple flake tools, usually discarded after a single use. They are quick to manufacture, require low

time investment, and, therefore, are disposable. Multipurpose tools are used for multiple tasks and

also may serve as cores, providing a convenient source of flakes. In addition, high mobility may

result in less time available for tool manufacture, so assemblages should contain "minimally modi-

fied chipped-stone tools," rather than items requiring more time investment, such as ground stone

(Lurie 1989).

Because sedentism often stresses local resources, less mobile groups increase their chances of

success through more specific or complex tools, for example, hafted tools, bifacial (rather than

unifacial or edge-modified tools), and ground stone. More specific tools reduce the risk of failure

because they are designed for specialized tasks, but they carry the cost of "more careful, time-con-

suming and more scheduled tool manufacture" (Lurie 1989:47).

Michael E. Whalen (1994) also comments on the subject of mobility and its relationship to

lithic implements. Whalen (1994:1 14) asserts that because highly mobile people must carry their

stone tools with them, it is most efficient for them to "invest substantial labor in production of

carefully shaped, resharpenable, multipurpose implements, a few of which satisfy many needs."

This results in portable tools that are expensive both in manufacturing and in high quality raw

materials. Whalen (1994) notes that sedentary groups tend to use more expedient tools that can

be discarded rather than resharpened. Sedentism removes the pressure of having to invest in

portable, multipurpose tools as well as reusable implements.

Lurie's (1989) work at the Koster site deals with a sedentary population with depleted

resources. This depletion places greater value on high-quality raw materials, resulting in curation

and resharpening of quality materials, and the addition of coarser raw materials. Whalen's (1994)

work in south-central New Mexico deals with sedentary populations without depleted local

resources. Clearly, Whalen's (1994) and Lurie's (1989) expectations for the lithic technology of

sedentary populations are dependent on local raw material availability.
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In recent years, the focus in lithic studies on the dichotomy between mobility and sedentism

has been criticized. Jeske (1996:176) asserts that "mobility has been done to death," explaining

that lithic analysts must strive to contribute more to archaeology than the reconstruction of past

settlement patterns.

As previously discussed, a dominant belief in lithic studies is that mobility limits the size and

number of tools that can be transported. As a result, mobile groups use bifaces that are portable

and can function as cores. Sedentary groups, with their increased access to local raw materials,

rely more heavily on expedient flake technology. Other studies have emphasized optimization the-

ory, in which conservation of time and energy and reduction of risk of failure are the forces behind

variation and change through time in lithic technology (Torrence 1989; Vierra 1993).

In contrast to the emphasis on mobility, Vierra (1993) has examined the effects of changing

subsistence on stone tool technology. He suggests that the changes from bifacial to flake tech-

nologies are not related to mobility itself, but rather to changes in labor organization resulting

from increased dependence on agriculture. Time is the limiting factor in agricultural societies.

Time and energy are invested in agriculture and the accompanying non-flaked stone aspects of

technology (e.g., the engineering of agricultural fields, the construction of water control devices,

the development of storage features, and the making of ground stone tools). Bifacial technologies,

on the other hand, are considered hunting technologies. The use-life of tools, such as bifaces, can be

extended through retouch, but this requires high quality raw materials. In Vierra's view, changes in

technology between the Archaic and Ceramic periods are related not to mobility, but to subsistence.

To answer the questions of how Archaic and Ceramic period technologies differ and whether

the changes in technology correspond with increasing dependence on agriculture, Vierra com-

pares lithics from the San Juan Basin with lithics from the Western Arizona Uplands. He notes

changes in raw material selection through time in both areas. Raw material use shifts from chert

to silicified wood in the San Juan Basin, and from chert to igneous rock in the Western Arizona

uplands. Vierra attributes these changes to differences in lithic raw material requirements for

retouched and unretouched flake tools.

When he compares reduction technologies of the two areas, Vierra finds that bifacial technologies

are prevalent during the Archaic period, and expedient flake tools are more common to the later

Ceramic period assemblages. Vierra notes a conelation between changes in raw material selection over

time and the shift from bifacial to expedient flake technologies. This change in material preference

probably is due to the fact that bifacial technologies require better quality lithic raw material, but expe-

dient flake tools are usually made from whatever material is at hand (Vierra 1993).

From his study of the two assemblages, Vierra concludes that changes in subsistence economy

have a substantial impact on tool technology and materials. Changes in lithic raw material selection

and tool production seem to coincide with an increasing reliance on maize agriculture (Vierra 1993).

According to optimization models, the energy expended in obtaining lithic raw material deter-

mines the production and consumption of the implement made from that material (Torrence 1989).

Most of the authors discussed in this text have used optimization as an underlying principle of their

raw material discussions.
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Degree of mobility is one factor affecting raw material selection and access. Higher mobility

may result in increased access to a variety of better quality raw materials, at a relatively low cost,

especially if raw material procurement is embedded in other activities (Lurie 1989). As popula-

tion size increases, mobility becomes more difficult. For less mobile or sedentary groups, local

resource depletion caused by large population size or lengthy occupation may result in limited

access to raw materials. This raw material resource depletion in the local area may lead to the use

of inferior material or to the altering of materials through heat treatment to improve their worka-

bility. This limited access makes good quality material expensive, that is, it costs more in time and

energy to obtain, possibly requiring trade relationships or special trips. As a consequence of this

expense, high-quality material should be used to make special tools, worked economically with

less waste, and used more intensively (e.g., resharpening and reworking if broken).

Lurie 's (1989) expectations for raw material variation are based on differing degrees of mobil-

ity. Although Lurie distinguishes between more mobile Archaic groups and Archaic groups with

more permanent base camps, I will apply Lurie's expectations for the more mobile group to the

Archaic period Fresnal Rock Shelter, and those for the more sedentary Archaic base camps to the

comparatively sedentary the Lower Stanton Ruin. The specific expectations of this study are:

1) Mobile components will contain a significantly higher percent of unusual raw

material than will sedentary components;

2) Good quality chert will be used for both minimally and highly modified tools in

mobile components, but will be used primarily for the manufacture of more high-

ly modified tools that require better quality in sedentary components; and

3) Intentional heat treatment to improve the quality of certain raw materials will be

more prevalent in sedentary components than in mobile ones (Lurie 1989).

Whalen discusses patterns of raw material exploitation in the Jornada Mogollon area. He sum-

marizes the results of his studies within south-central New Mexico, the same general area in

which both the Lower Stanton Ruin and Fresnal Rock Shelter are located. A study of Archaic and

Formative raw material use in the central Tularosa Basin reveals that Archaic groups use a wider

range of lithic materials of finer-quality (chert, chalcedony, etc.) than their Formative successors.

This situation probably results from the more mobile Archaic populations' ability to exploit more

distant resources (Whalen 1994).

Whalen also cites similar work in the Tularosa Basin, this time encompassing the Paleoindian

through Pueblo periods. The results of this analysis demonstrate a general increase in the inci-

dence of coarse-grained lithic materials over time. The clearest change in raw material is seen

between the Archaic and Formative periods; changes in material during subsequent periods are

not as obvious.

Lurie's (1989) work at the Koster site deals with situations in which mobile populations have

increased access to quality lithic raw materials, while sedentary populations have decreased
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access due to the depletion of local resources. Mobile groups, however, may travel through areas

that have limited lithic raw materials. Limited quality or quantity of raw materials may necessi-

tate increased curation and maximization of tools. In addition, sedentary groups in areas with

abundant resources (either containing a high quantity of material or during the early occupation

of the region) do not suffer from resource depletion.

Andrefsky (1994) argues that lithic raw material availability is the chief constraint on lithic

technology. He asserts that factors such as mobility or sedentism have less influence on lithic

production technology than does raw material. Andrefsky takes issue with the premise that stone

tool production technology and prehistoric settlement configurations can be predictably linked

without considering raw material availability. While mobility and stone tool production are

indisputably linked, raw material availability may be a more important determining factor.

Based on ethnographic and archaeological examples, Andrefsky (1994) has constructed a

contingency table (Figure 40) summarizing the relationship between technology and lithic raw

material abundance and quality. Where both quality and abundance are high, formal and infor-

mal tools should occur in approximately the same proportions. In areas with a high abundance

of low-quality materials, informal tools should predominate, with a few formal tools produced

from non-local raw material. For a low abundance of high-quality material, Andrefsky predicts

that primarily formal tools would be produced. Finally, for areas with low-quality raw material

occurring in low abundance, informal tools made from the local low-quality material should pre-

dominate, with nearly all-formal tools produced from non-local, better-quality raw materials

(Andrefsky 1994).

Both the Fresnal Rock Shelter and Lower Stanton Ruin have abundant medium- to high-qual-

ity lithic raw material in the local area. Kelley (1984) reports that San Andreas limestone can be

found throughout the Sierra Blanca Region, either as outcrops or as cobbles. Siliceous rocks

(including quartzite, chert, and chalcedony) occur as cobbles, but may have been difficult to

locate. Shale, siltstone, and igneous materials such as rhyolite, are also found in the area. Kelley

(1984) refers to silicified shale beds that bear evidence of mining. Although she describes this

shale as only "medium grade," she claims that it "was the best siliceous material available in

quantity over a large area" (Kelley 1984:2). The Sacramento escarpment has provided Fresnal

Shelter's inhabitants with sedimentary formations containing useful lithic materials, including

chert and chalcedony (Jones 1990; Tagg 1996). Shelley (1991) reports that lithics recovered dur-

ing 1988 testing of the Lower Stanton Ruin mainly consist of locally available raw material

including limestones, cherts, chalcedonies, and quartzites. A chalcedony outcrop with evidence of

prehistoric exploitation is found 2-2.5 km (1.2-1.5 miles) northwest of Lower Stanton Ruin.

Given this raw material availability, the Fresnal Rock Shelter and Lower Stanton Ruin should fall

somewhere in between Andrefsky 's (1994) expectations for abundant material of both high and

low quality. The results, however, should be somewhat skewed toward his predictions for the

higher quality material occurring in larger quantities.
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Figure 40. The Relationship between Lithic Technology and the Quality and Abundance of Lithic

Raw Material (Adapted from Andrefsky 1994:30)

To summarize, tool types depend on a number of factors, including settlement patterns, subsis-

tence, and raw material availability. Conventional wisdom holds that it is inefficient for mobile groups

to carry excessive weight, that they potentially have increased access to lithic raw materials, and that

they also run the risk ofbeing away from quality material. Consequently, mobile people should curate

multipurpose/formal tools, use expedient tools on location and then discard them, and employ pri-

marily bifacial core technology

Sedentary groups in areas with abundant good-quality raw material should show more waste, less

curation, fewer bifacial cores, more expedient tools, and more specialized implements, due to the

reduced need for multipurpose, lightweight, compact tools. When quality lithic raw material is scarce,

however, sedentary assemblages should be marked by more curation, few expedient tools, less waste,

and maximization of cores. Technology should depend largely on raw material resources.

There is clearly a correlation between the degree ofmobility and lithic technology and raw mate-

rial selection. Whether the shift in technology and raw material between the Archaic and Ceramic

periods is due specifically to sedentism, or to an increased reliance on maize agriculture, and the

consequent reorganization of labor and de-emphasis on flaked stone technology, remains unclear.
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Expected Results

Based on the sources discussed above, certain expectations have been established for the

results of the laboratory analysis portion of this research project. Specific expectations for the

Fresnal Rock Shelter and Lower Stanton Ruin are presented in Table 56.

Table 56. Lithic Analysis Expected Results for Fresnal Rock Shelter and Lower Stanton Ruin

Expected Results Fresnal Rock Shelter Lower Stanton Ruin

Null Hypothesis: There is no

difference between sites

based on raw material

Tool Type

Pattern of raw material use for the Pattern of raw material use for the

manufacture of formal and informal manufacture of formal and informal

tools should be nearly the same for tools should be nearly the same for

the two sites, they have similar lithic the two sites, as they have similar lith-

raw material resources ic raw material resources

Expedient tools, multipurpose tools, More specific or comlex tools

or both

Bifacial Cores Bifaces as cores Fewer bifacial cores

Tool Use

Imported Raw Materials

Portable tools, expensive in quality

raw material and in manufacturing

More unusual raw material

More expedient tools and a tendency

to discard rather than resharpen

Less unusual raw material

Raw Material Use

Heat Treatment

Economy in Raw Material Use

Variey of Raw Materials

The sample from each site

should be consistent with

previous research

Good quality raw material for both

minimally and highly modified tools

Heat treatment less common

Less economical use of quality raw

material

Greater variety and better quality of

raw material

Lithics as representative of refurbishing

and reworking activities (Jones 1990)

Good raw material used primarily for

highly modified tools that required

quality raw material

Heat treatment more common

More economical use of quality raw

material

Less variety and poorer quality

Lithics should about equally represent

manufacturing and maintenance

activities (Shelley 1991)

If, as Andrefsky (1994) proposes, raw material is the chief constraint, the pattern of raw mate-

rial use for the manufacture of formal and informal tools should be nearly the same for the two

sites. This is because they have similar lithic raw material resources. Lithics from both sites should

fall between high abundance of high quality and high abundance of low quality material on

Andrefsky's contingency table. If, on the other hand, subsistence or settlement patterns have an

affect on lithic technology, then the assemblages should differ as discussed earlier in this chapter.
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In addition, results of the Lower Stanton Ruin analysis should be consistent with Shelley's 1988

test pits. Lithics from Lower Stanton Ruin should about equally represent manufacturing and main-

tenance activities (Shelley 1991). Results of analysis should also confirm Jones' ( 1990) assessment

of the Fresnal Rock Shelter lithics as representative of refurbishing and reworking activities.

Finally, the sensitive attributes, as detected by Hicks (1994), are expected to be confirmed by

this analysis. Hicks has identified detachment method, lithomechanical class, and flake type as

the most discriminating attributes for measuring temporal distance between groups. She (Hicks

1994) has found that variations in the frequency of heat-treatment and flake type are the best indi-

cators of functionally different sites.

Methods and Procedures

There are three specific objectives of this study. They are to: (1) examine samples of lithic

debitage and cores from each of the two sites, and recording certain attributes; (2) statistically test

the recorded attributes to determine whether the assemblages differ in a statistically significant

way at the attribute level; and (3) identify any attributes that may be temporally sensitive.

This project employs an attribute-level examination of lithic debitage and cores from two samples:

from the Archaic-aged Fresnal Rock Shelter and the Lincoln phase Jornada Mogollon-aged Lower

Stanton Ruin. Data collected from the two assemblages are then compared statistically.

The data required for this research are derived from artifacts recovered during the RBAP,

specifically from the 1993 excavation of Lower Stanton Ruin, and from the 1969-1973 excavations

at the Fresnal Rock Shelter. Both collections are curated at ENMU.

Sample and Population

I have selected a sample of the lithic artifacts from each of the two assemblages. The total

sample includes 3,243 pieces of debitage and 128 cores. Because of the sheer amount of materi-

al at the Fresnal Rock Shelter, I have examined all lithics from a single 1 x 1 m unit or Unit C29

(Figure 41). This unit has a total of 1,677 artifacts, including 1,632 flakes and 45 cores. The 1

1

radiocarbon dates from Unit C29 yield a range from 2027-1776 B.C. to a.d. 264-428 (Tagg 1996).

I also have analyzed lithic cores and debitage from eight 2 x 2 m and one 1 x 1 m test units at

Lower Stanton Ruin (Figure 42). I examined all 284 artifacts from each of these units until the

amount of debitage approximated that from Unit C29 at Fresnal Shelter. It took nine units, total-

ing 33 m2

, at Lower Stanton Ruin to equal a sample of 1,61 1 pieces of debitage. Analyzed units

have been selected judgmentally and include the following: 108N/140E, 1 12N/106E, 1 12N/104E,

114N/106E, 116N/104E, 118N/102E, 118N/104E, 118N/1 12E, and 119N/111E.

The sample from Fresnal Shelter represents a single 1 m :
test unit containing material accu-

mulated over more than 2,000 years of Archaic prehistory. I have compared this with 33 m2 of

test units representing a time span of only 250 years. This temporal difference, as represented

by the depth of the two samples, appears to pose problems, but previous work has identified

continuity in subsistence practices and lithic technology at Fresnal Shelter through time (Jones

1990; Wimberly and Eidenbach 1981).
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Figure 42. Diagram of Lower Stanton Ruin Excavation Units.

Therefore, although Unit C29 at the Fresnal Rock Shelter represents more than 2,000 years, the

fact that little change occurs during that time has made it a sound representation of the Archaic

period for purposes of comparison with the Ceramic period.

An additional sampling problem may exist as well. I have drawn the Fresnal sample from one

test unit and the Lower Stanton Ruin sample from nine units. The Lower Stanton Ruin sample is

more widely dispersed across the site, and is probably a reasonable representation of the population.

The Fresnal Rock Shelter sample, however, is more spatially discrete and may represent an

anomaly, such as an activity area.
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Clearly, the Fresnal Rock Shelter has a greater concentration of artifacts than the Lower Stanton

Ruin: 1 m2
at Fresnal contains approximately the same amount of debitage as 33 m2

at the Lower

Stanton Ruin. This difference in concentrations may be due to the varying lengths of occupation at

the two sites, to differing depositional rates between rock shelters and alluvial fans, or perhaps both.

The debitage has been analyzed first, followed by cores. Once the analysis is completed, I

re-examined the first 135 pieces of debitage, to correct for my initial inexperience in lithic analysis.

Laboratory analysis for this project began in September of 1995. Phillip H. Shelley arranged

for me to have a desk and work space in Lea Hall Laboratory 217. He also permitted me to use a

department binocular microscope and light, and an Ohaus scale accurate to one-tenth of a gram.

Other supplies included a geologic dictionary and laboratory manual, use of the lithic raw material

type collection, and hydrochloric acid.

Data Gathering and Analysis—Debitage

Debitage flakes can reveal several manufacturing steps. The bulb of applied force (the area

below the striking platform) may indicate the removal technique used, and the platform remnant

may show the method of platform preparation. "A careful study of the flaking debris is a prime req-

uisite in determining the manufacturing technique" (Crabtree 1982: 1). The following attributes have

been employed in debitage analysis: raw material type, flake class, the presence of heat treatment,

maximum dimension, weight, ventral surface attributes, platform remnant, platform/dorsal surface

juncture, error recovery techniques, and flake termination type.

Raw Material Type

Raw materials are identified to a very general level. Type distinctions are based on my two

semesters of geology course work, with the aid of Laboratory Manual in Physical Geology (Third

Edition; Busch 1993), Dictionary of Geologic Terms (Third Edition; Bates and Jackson 1984),

and Phillip H. Shelley's comparative collection of lithic raw materials. Any material identified as

limestone has been tested with and effervesced strongly in response to hydrochloric acid.

The point of this geologic identification is simply to obtain an idea of the variation in lithic raw

material types between the two sites. I have not distinguished local from non-local lithic types. No

attempts have been made to determine the geographic "source" of various materials. Rather, the

emphasis is on the quality and workability (e.g., siliceous, fine-grained) of those materials.

High quality lithic raw materials are defined as solids with the properties of heavy liquids.

They fracture conchoidally, are elastic but brittle, and are homogeneous in structure (i.e., lacking

in flaws, such as cracks or inclusions). The best materials tend to be cryptocrystalline, isotropic,

and highly siliceous (Crabtree 1982; Whittaker 1994).

Flake Class

Each flake is classified into one of the following categories: decortication, interior, biface

thinning, blade, limited attribute flake fragment (LAFF) with or without cortex, or limited informa-

tion lithic fragment (LILF) with or without cortex. Flakes are classified according to the definitions
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of Crabtree (1982), Whittaker (1994), and Shelley's (1991) RBAP Initial Lithic Analysis

Implement Category Dictionary. Hammer stone, pecking stone, or ground stone fragments are

recorded also. Flake class indicates where each flake occurs in the reduction sequence once they

have been removed from cores.

Decortication flakes are flakes removed during the removal of cortex from the parent material.

They have cortex on the dorsal surface or the platform remnant (Shelley 1991). Cortex represents a

"rind" of chemical or mechanical weathering on the outer surface of a nodule. The occurrence of

cortex on a flake generally signals that the piece represents one of the first flakes struck from the

core (Whittaker 1994).

Interior flakes are those removed after decortication of the core. They have flake characteristics

(bulb of force and compression rings among others) on their ventral surface and no cortex. Flake

scars on the dorsal surface are unidirectional or bidirectional, but not multidirectional or converging

(Shelley 1991).

Biface thinning flakes are "flakes which were removed from a bifacial flaked core" (Shelley

1991:233). They have converging and/or multidirectional flake scars on the dorsal side, may display

part of an old biface edge on the platform remnant, and may or may not have cortex (Shelley 1991 ).

Blades are flakes removed from a prepared blade core. They have two or more parallel flake scars

on their dorsal surface originating from the same plane and have no dorsal cortex (Shelley 1991).

Limited Attribute Flake Fragments (LAFFs) "are proximal, medial, distal or longitudinal flake

fragments" with or without cortex (Shelley 1991 :234). LILFs "are fragments (i.e., chunks or other

irregularly shaped pieces) of siliceous material which may or may not show some evidence of

force application, but which do not exhibit any evidence of flake morphology" with or without

cortex (Shelley 1991:234). LILFs are also known as "non-diagnostic shatter." Because LILFs and

LAFFs have limited information potential, only raw material, weight, maximum dimension, and

presence or absence of heat treatment have been recorded for these artifacts.

Heat Treatment

Most cryptocrystalline lithic materials can be improved by thermal alteration. Heat treatment

reportedly makes the lithic material more elastic without becoming brittle. This enables the work-

er to "make tools with more precision and with much sharper edges" (Crabtree 1982:3). Heat-

treated raw material can be worked with less effort and greater control, resulting in "smoother

fracture surfaces, sharper edges, and fewer step and hinge terminations" (Whittaker 1994:73).

Whittaker describes heat-treated material as "less grainy and smoother in texture" (1994:72).

Heat-treated chert, Whittaker (1994:73) explains, will have "a very smooth, glossy fracture, with

almost a soapy feel." Crabtree 's criteria are the most conservative. He states that heat treatment

can be identified on flakes "if the dorsal side of the flake is coarse-textured and the ventral side

is glassy" (Crabtree 1982:3).

Debitage is classified as heat-treated only if there is a clear difference in luster between the

dorsal and ventral surfaces. Because of the difficulty in determining heat treatment without an
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untreated or raw sample of the same material for comparison, I have chosen the more conservative

approach. Consequently, heat treatment may be under-reported.

Maximum Dimension

Flakes are measured and classified into size categories according to their maximum dimension.

Size categories, in cm, are: 0-0.5, 0.5-1, 1-2, and continuing in 1 cm increments. Because running

debitage through size-graded screens would have been damaging, flakes are instead measured on a

target.

Weight

Each artifact is weighed to the nearest tenth of a gram on an Ohaus scale. Weight is often a

better indication of quantity than are simple counts. Weighing lithic debitage compensates for the

differing degrees of fragmentation and collection that may make counts misleading.

Ventral Surface Attributes

The ventral surface of each flake is classified as pronounced, diffuse, indeterminate, or missing,

to reflect the prominence of the bulb of force. Prominence of the bulb provides some clue to the

reduction technique utilized by a knapper. The bulb of force, created as a result of the application of

pressure or percussion, is a swelling on the ventral surface near the proximal end of a flake.

A diffuse bulb of force and compression rings generally indicate a broad area of contact

between the pressure or percussion tool and the objective piece. Diffuse bulbs are considered

"common to billet technique" (Crabtree 1982:32). During soft-hammer reduction techniques, the

force is distributed more evenly and transmitted more slowly through the objective piece, mini-

mizing the ventral surface attributes. Pronounced or well-defined bulbs indicate a smaller area of

contact and are considered indicative of hard-hammer reduction techniques (Crabtree 1982).

Flakes are described as having either diffuse or pronounced ventral surface attributes. This

approach requires judgment calls to be made because ventral attributes are either pronounced or

diffuse; there is no intermediate category. They are reported as indeterminate if, for some reason,

the ventral surface is obscured or is missing.

Platform Remnant

The platform represents the flat area on top of the flake, where the percussion or pressure force

is applied. Crabtree (1982:49) defines a platform as "the surface area receiving the force necessary to

detach a flake or blade. Platforms can be natural or prepared in a variety of ways. Flakes are exam-

ined to determine on the type of force applied by the knapper. The different types of platforms may

be classified according to several characteristics: (1) the presence of cortex indicates a natural plat-

form with a single facet, a possible negative flake scar without other characteristics may be visible,

or a natural cleavage plane may be present; (2) the occurrence of a flake scar, with negative flake char-

acteristics visible; (3) the multifaceted platform that is represented by a pre-existing edge of a biface,

with both biface edges, faces, or previous surfaces visible. Multifaceted platforms are considered

indicative of a bifacial reduction strategy. A missing or indeterminate platform may also occur.
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Platform/Dorsal Surface Juncture

This category reflects whether the platform is ground, flaked, or otherwise prepared to stabi-

lize or strengthen the platform. Preparing the platform may include flaking, grinding, polishing,

faceting, or beveling. These preparations reduce the chance of the pressure or percussion tool

from slipping off the platform, and may also enable the flintworker to remove a larger flake

(Crabtree 1982). When comparing a novice with an experienced knapper's work, Shelley finds

that skilled workers "not only prepare platforms more systematically, but are also careful to

remove overhang in blade and flake production" (Shelley 1990:192).

Platform categories include: unprepared, overhang removed (which covers all methods of

platform preparation), indeterminate, or missing. The overhang removed category is used when

small flake scars are visible on the dorsal surface parallel to the subsequent blow, clearly indicat-

ing that the platform has been abraded or flaked to remove the overhang. A comparison of the

incidence of unprepared versus overhang removed platforms, between the samples from Fresnal

Rock Shelter and Lower Stanton Ruin, may indicate differing levels of expertise at the two sites.

Error Recovery Techniques

Error recovery refers to attempts to correct mistakes, such as hinge or step terminations or mul-

tiple stacked hinge and step terminations. The flintworker's goal is always to remove the erroneous

termination and successfully terminate the recovery flake. Definitions for error recovery techniques

come from Muto ( 1971 ), who views these errors as a minor obstacle to flintworkers. Muto (1971 :59)

states that "a simple step or hinge fracture is easily corrected" by error recovery methods.

Shelley (1990), in a comparison of beginning and experienced flint knappers, demonstrates

that both groups make errors. Experienced flintworkers produce fewer flakes with hinge and step

terminations, and they "more frequently successfully correct their errors, as measured by 'pick-

up flakes' with feather terminations" (Shelley 1990:191). Less experienced knappers have a high-

er incidence of failure to successfully correct errors (Shelley 1990). The frequency of error recov-

ery flakes in the samples from the Fresnal Rock Shelter and Lower Stanton Ruin may be com-

pared in an attempt to identify differing levels of flintworking expertise.

Four categories of error recovery flakes, as defined by Muto (1971), are used in this debitage

analysis. These include pick-up: ( 1 ) from behind; (2) from the same margin; (3) from an adjacent

margin; and (4) from the opposite margin. Pick-up from behind is a technique used when removal

of a large enough mass of material is possible from the same margin, direction, and platform as

the original error. The platform is ground to strengthen it,' and then a blow is struck on this rein-

forced stage to carry away the recovery flake and the mass left by the original error (Muto

1971 :60). Pick-up from the same margin is similar to pick-up from behind method, except sever-

al flakes, rather than one, are used to remove an error. In this technique, a series of flakes are

detached from the same face and margin as the step or hinge error. "Flaking progresses in a series

toward the hinge or step until the final flakes in the series cut through, one at a time, a portion of

the mass of material left by the mistakes" (Muto 1971 :59). Pick-up from an adjoining edge occurs

when the recovery flake is "directed with sufficient force and direction, from an adjacent margin,
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toward the mistake" (Muto 1971:60). In pick-up from an opposite margin a flake is struck from

the margin directly opposite the error, with enough force to end in a feather termination beyond

the hinge or step fracture (Muto 1971).

Grinding is an additional error recovery technique. A hinge or step termination is simply

ground away. This type of correction would be very difficult to detect, as it does not leave flakes

with evidence of errors. Therefore, no attempt has been made during this study to identify inci-

dents of grinding as an error recovery technique.

Flake Termination Type

Four types of flake terminations exist: (1) feather (or successful); (2) hinge; (3) step; and (4)

outrepasse (or overshoot). Successful flake removals are terminations in which the applied force

removes the flake from the core, resulting in a flake with a sharp, feathered edge. In hinge termi-

nations, the distal end of the flake has a rounded, hinge-like shape. In step terminations, the flake

terminates with a right-angled break at the distal end. Finally, in an outrepasse or overshoot flake,

the termination curves ventrally to remove part of the core instead of exiting on the core surface

(Whittaker 1994). (An outrepasse termination is essentially the opposite of a feather termination.)

Data Gathering and Analysis—Cores

Crabtree (1982: 30) defines a core as a "piece of isotropic material bearing negative flake

scars, or scar." Cores have been examined and information recorded on raw material, weight,

maximum dimension, core type, core blank, platform type, and secondary use. Methods for deter-

mining raw material type, weight, and maximum dimension have been discussed earlier.

Core Type

Core type refers to the directionality of flake scars on the core. Cores are classified as unidi-

rectional, bidirectional, multidirectional, bifacial, as a stylized biface, or as a flake tool.

Unidirectional cores bear flake scars in only one direction and have one platform surface from

which the flakes have been removed. Bidirectional cores show scars from the detachment of

flakes in two (but not necessarily opposing) directions. Multidirectional cores display flake scars

that indicate removal in more than two directions (Crabtree 1982).

Crabtree defines a biface as an "artifact bearing flake scars on both faces" (Crabtree 1982: 16).

Stylized bifaces, also referred to as projectile points, are distinguished from regular bifaces by the

presence of basal treatment. Flake tools are simple flakes with evidence of use or modification.

Core Blank

Core blank refers to the parent material from which the core is produced. Categories used in

this project are nodular, tabular, flake, or indeterminate. Nodular core blanks are rounded nodules

or cobbles that may have some river cortex visible. Tabular core blanks are angular or square, hav-

ing come from bedded material. Flake core blanks have visible flake attributes, such as a bulb

of force, compression rings, or a platform remnant.
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Platform Type

Core platforms are classified according to the most prevalent type of platform visible on the

core. Categories are cortex, flake scar, natural, and indeterminate.

Secondary Use

Secondary use describes possible additional uses of the core. Categories are pecking or battering,

edgewear or flaking, none, and indeterminate.

Results and Discussion

After the debitage and cores have been examined and the relevant information recorded on the

analysis forms, data are entered into a Quattro Pro (Borland International 1989) spreadsheet form.

The database is then imported into Systat (Systat Inc. 1992), where results are tabulated. Chi

Square tests are calculated using Kintigh's (1991) Tools for Quantitative Archaeology program.

A Chi Square test does not measure the degree of association between variables, rather it eval-

uates whether the differences in observed and expected values are more than can be attributed to ran-

dom variation. Chi Square tests require data to be measured on a nominal scale and the variables are

selected independently so that one variable does not influence the distribution of another (Thomas

1989).

The level of statistical significance is set at 0.05 for both core and debitage analyses. The null

hypothesis for this research states that there is no difference in the frequencies of various core and

debitage attributes between the samples from the Fresnal Rock Shelter and Lower Stanton Ruin.

Because the intent is to identify the differences between the two assemblages, the level of signif-

icance is set to make it difficult to reject the hypothesis that the assemblages are the same.

Core Analysis

Representing comparatively uniform lithic material, cores have been examined in terms of raw

material, size, and type. In addition, platform types and secondary use are described and analyzed.

Raw Material

Raw materials have been initially sorted and tabulated by individual material types (Table 57).

Although cells with zero values are not amenable to Chi Square testing, an examination of the fre-

quency table is illuminating. The Fresnal Rock Shelter sample contains 45 cores, while the Lower

Stanton Ruin contains 83 cores. Six raw material types occur in the Fresnal sample, and seven in

the Lower Stanton Ruin sample.

The three most common raw material categories are very similar. They are, in the order of

preference: ( 1 ) chert; (2) local, fine-grained material (limestone at Fresnal Shelter and siltstone at

Lower Stanton Ruin); and (3) silicified limestone. These three material classes make up 91.1 per-

cent of the sample at Fresnal Shelter and 91.6 percent at Lower Stanton Ruin. For both samples,

chert is the most common raw material utilized as cores. Chert composes 42.2 percent of the core

sample at the Fresnal Rock Shelter, while at Lower Stanton Ruin, chert represents 59. 1 percent of
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the cores. The next most popular core raw material is a locally available fine-grained limestone

(33.3 percent) in the case of Fresnal Rock Shelter and siltstone (26.5 percent) in the case of Lower

Stanton Ruin. Even without statistical testing, there are strong similarities between the core raw

materials in the two samples.

A Chi Square test comparing the frequencies of the top three materials result in a Chi Square value

of 4.86 (p = 0.088, df = 2). This probability value is above the 0.05 level of statistical significance, so

the hypothesis that there is no difference in core raw materials cannot be rejected.

Table 57. Core Raw Materials

Fresnel Rock Shelter Lower Stanton Ruin Both Sites

Raw Material Number Percent Number Percent Number Percent

Andesite 0.0 1 1.2 1 0.8

Chert 19 42.2 49 59.1 68 53.1

Chalcedony 2 4.4 3 3.6 5 3.9

Limestone 15 33.3 0.0 15 11.7

Silicified Limestone 7 15.6 5 6.0 12 9.4

Obsidian 1 2.2 0.0 1 0.8

Quartzite 0.0 2 2.4 2 1.6

Siltstone 0.0 22 26.5 22 17.2

Silicified Siltstone 0.0 1 1.2 1 0.8

Welded Ash 1 2.2 0.0 1 0.8

Total 45 100.0 83 100.0 128 100.0

Maximum Dimension

Cores have been sorted by maximum dimension (Table 58). The percentage values indicate

that Lower Stanton Ruin has more small cores than does Fresnal Rock Shelter. In the Lower

Stanton Ruin sample, 72.3 percent of cores are smaller than 4 cm. At Fresnal Rock Shelter, only

53.4 percent are smaller than 4 cm. When the categories are combined into groups of 2 cm inter-

vals, however, these size differences are not statistically significant.

Several cells have values that are either very low or zero. To prepare the maximum dimension

data for Chi Square testing, the categories are combined into groups of 0-2 cm, 2-4 cm, 4-6 cm,

and greater than 6 cm. A Chi Square test has been run on these combined categories, resulting in

a Chi Square value of 5.55 (p = 0.136, df = 3). This probability value is above the 0.05 level of

statistical significance, meaning the hypothesis of no difference in core maximum dimensions

between the Fresnal Rock Shelter and Lower Stanton Ruin must be accepted.

I then compared the distributions of core maximum dimensions within the top three raw mate-

rials (chert, fine-grained local material, and silicified limestone) at each site (Tables 59 and 60).

In both cases, chert cores tend to occur in the smaller size classes, and the fine-grained local raw

materials (limestone at Fresnal Rock Shelter and siltstone at Lower Stanton Ruin) are associated

with the larger size classes. These distributions are similar at the two sites, and are probably due

to similar lithomechanical properties. Chert is a cryptocrystalline siliceous material well-suited to
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flint knapping. Siltstone and limestone are fine-grained, non-siliceous, coarser than chert, and, there-

fore, more difficult to work. The distributions of maximum core dimension within raw material

types appear to indicate a preferential use of chert for bifaces and stylized bifaces at both sites.

Table 58. Core Maximum Dimensions

Maximim Fresnel Rock Shelter Lower Stanton Ruin Total I

Dimension Number Percent Number Percent Number Percent

0-1 1 2.2 0.0 1 0.8

1-2 3 6.7 16 19.3 19 14.8

2-3 7 15.6 24 28.9 31 24.2

3-4 13 28.9 20 24.1 33 25.8

4-5 10 22.2 11 13.3 21 16.4

5-6 3 6.7 4 4.8 7 5.5

6-7 4 8.9 6 7.2 10 7.8

8-9 3 6.7 0.0 3 2.3

9-10 1 2.2 0.0 3 2.3

10-11 0.0 0.0 0.0

11-12 0.0 0.0 0.0

12-113 0.0 0.0 0.0

13-14 0.0 0.0 0.0

14-15 0.0 2 2.4 2 1.6

Grand Total 45 100.0 83 100.0 128 100.0

Table 59. Fresnal Rock Shelter Maximum Core Dimensions by Raw Material

Maximum Chert Limestone Silicified Limestone Total

Dimension (cm) Number Percent Number Percent Number Percent Number Percent

0-1 1 5.3 0.0 0.0 1 2.4

1-2 2 10.5 0.0 0.0 2 4.9

2-3 5 26.3 2 13.3 0.0 7 17.1

3^ 5 26.3 3 20.0 3 42.9 11 26.8

4-5 5 26.3 1 6.7 3 42.9 9 22.0

5-6 1 5.3 2 13.3 0.0 3 7.3

6-7 0.0 3 20.0 1 14.3 4 9.8

8+ 0.0 4 26.7 0.0 4 9.8

Grand Total 19 100.0 15 100.0 7 100.0 41 100.0

Core Type

Cores are classified according to the prevalent directionality of flake scars as unidirectional,

bidirectional, and multidirectional, or whether they represent bifaces or stylized bifaces (Table 61).

Frequencies of flake tools also are recorded. With the flake tool category removed because of low

cell values, the Chi Square value is 3.29 (p = 0.510, df = 4). The Chi Square probability value is

above the 0.05 level of significance. Therefore, the hypothesis of no difference in core types

between the Fresnal Rock Shelter and Lower Stanton Ruin is accepted.
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Table 60. Lower Stanton Ruin Maximum Core Dimensions by Raw Material

Maximum Chert Limestone Silicified Limestone Total

Dimension (cm) Number Percent Number Percent Number Percent Number Percent

0-1 0.0 0.0 0.0 0.0

1-2 14 28.6 1 4.5 1 20.0 16 21.1

2-3 20 40.8 0.0 2 40.0 22 28.9

3-4 9 18.4 8 36.4 0.0 17 22.4

4-5 4 8.2 5 22.7 1 20.0 10 13.2

5-6 1 2.0 3 13.6 0.0 4 5.3

6-7 1 2.0 3 13.6 1 20.0 5 6.6

8+ 0.0 2 9.1 0.0 2 2.6

Grand Total 49 100.0 22 100.0 5 100.0 76 100.0

Table 61. Core Type by Site

Fresnel Rock Shelter Lower Stanton Ruin Tota

Core Type Number Percent Number Percent Number Percent

Bidirectional 7 15.6 8 9.6 15 11.7

Biface 13 28.9 23 27.7 36 28.1

Flake Tool 2 4.4 2 2.4 4 3.1

Multidirectional 12 26.7 20 24.1 32 25.0

Stylized Biface 8 17.8 16 19.3 24 18.8

Unidirectional 3 6.7 14 16.9 17 13.3

Grand Total 45 100.0 83 100.0 128 100.0

Tables 62 and 63 exhibit the distributions of raw materials within the different core types. The

Fresnal Rock Shelter and Lower Stanton Ruin have similar patterns of raw material use for the five

core types. In both cases, chert is the most common raw material for bidirectional cores, bifaces, and

stylized bifaces. At Fresnal Rock Shelter, the chert figures are 42.9 percent, 53.8 percent, and 50

percent, respectively. Chert appears to be more dominant at the Lower Stanton Ruin than at the

Fresnal Rock Shelter, however. Chert accounts for 62.5 percent of bidirectional cores, 78.3 percent

of bifaces, and 87.5 percent of stylized bifaces at Lower Stanton Ruin.

The local fine-grained materials (limestone and siltstone) are the most common raw materials

for multidirectional and unidirectional cores at Fresnal Rock Shelter and Lower Stanton Ruin.

Although the patterns of core type and raw materials are similar at the two sites, cores from the

Fresnal Rock Shelter sample are more dispersed among the different raw material types. In contrast,

the Lower Stanton Ruin cores are more concentrated among the two most common materials (chert

and the fine-grained local material).
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Variation in Flaked Stone Tool Assemblages

Core Blank

Core blanks are categorized as flake, nodular, tabular, or indeterminate (Table 64). Although the

low value in the nodular blank category precludes Chi Square testing, there is a clear difference in the

frequencies of core blanks at the two sites. For both sites, most core blanks fall into the indeterminate

category or 37.8 percent at Fresnal and 47 percent at Lower Stanton Ruin. The most striking difference

is in the nodular core category. Lower Stanton Ruin has 18 nodular cores (21.7 percent), while the

Fresnal Rock Shelter has only one (2.2 percent). The proximity of the Rio Bonito to Lower Stanton

Ruin may have contributed to the high rate of nodular cores at the site. There is also a clear difference

in the rate of tabular cores. There are 16 (35.6 percent) at the Fresnal Rock Shelter and 12 (14.5 per-

cent) at Lower Stanton Ruin. Fresnal Rock Shelter sits in a limestone cliff and presumably has greater

access to tabular limestone and chert. Based on the core blank percentages, the hypothesis of no

difference between the Fresnal Rock Shelter and the Lower Stanton Ruin core blanks is rejected.

Table 64. Core Blanks

Fresnel Rock Shelter Lower Stanton Ruin Total

Core Blank Type Number Percent Number Percent Number Percent

Flake 11 24.4 14 16.9 25 19.5

Nodular 1 2.2 18 21.7 19 14.8

Tabular 16 35.6 12 14.5 28 21.9

Indeterminate 17 37.8 39 47.0 56 43.8

Total 45 100.0 83 100.0 128 100.0

Platform Type

Core platforms are classified according to the most prevalent type of platform visible on the core.

Categories are cortex bearing, flake scar, natural, and indeterminate (Table 65). Because of low cell

values, an examination of the frequency table is more appropriate than Chi Square testing. The per-

centages of core platforms for each site show clear differences between the platforms from the Fresnal

Rock Shelter and Lower Stanton Ruin. Cortex and flake scar platforms are more common at Lower

Stanton Ruin, while natural platforms are more common at the Fresnal Rock Shelter. This is probably

due to the local raw material availability. Lower Stanton Ruin occurs near the Rio Bonito, a source of

river cobbles, while the Fresnal Rock Shelter sits in a limestone cliff, a source ofbedded limestone and

chert. Because of these clear differences in platform type percentages, the hypothesis of no difference

between the Fresnal Rock Shelter and the Lower Stanton Ruin core platform types is rejected.

Table 65. Core Platform Types

Fresnel Rock Shelter Lower Stanton Ruin Total

Core Platform Type Number Percent Number Percent Number Percent

Cortex 1 2.2 10 12.0 11 8.6

Flake Scar 4 8.9 16 19.3 20 15.6

Natural 21 46.7 22 26.5 43 33.6

Indeterminate 19 42.2 35 42.2 54 42.2

Total 45 100.0 83 100.0 128 100.0
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Secondary Use

Cores are classified according to secondary use as indicated by battering, edgewear or flaking,

indeterminate, or none (Table 66). The indeterminate category has been dropped, and a Chi Square test

has been run on the categories of battering, edge wear or flaking, and the cores with no evidence of

secondary usage. This test has resulted in a Chi Square value of 0.67 (p = 0.715, df= 2). Percentages

of secondary use support the Chi Square test. The hypothesis of no difference between the samples

from the Fresnal Rock Shelter and Lower Stanton Ruin), therefore cannot be rejected at the 0.05 level.

Table 66. Core Secondary Use

Fresnel Rock Shelter Lower Stanton Ruin Total

Core Secondary Use Number Percent Number Percent Number Percent

Battering 6 13.3 13 15.7 19 14.8

Edgewear/Flaking 4 8.9 9 10.8 13 10.2

Indeterminate 8 17.8 20 24.1 28 21.9

None 27 60.0 41 49.4 68 53.1

Total 45 100.0 83 100.0 128 100.0

Debitage Analysis

Raw materials have been sorted according to individual lithic source types (Table 67). For the purpos-

es of this study, an examination of the frequency table is more appropriate than statistical testing.

Table 67. Debitage Raw Materials

Fresnel Rock Shelter Lower Stanton Ruin Total

Raw Material Number Percent Number Percent Number Percent

Andesite 0.0 167 10.4 167 5.1

Basalt 0.0 1 0.1 1 0.0

Chert 782 47.9 361 22.4 1143 35.2

Chalcedony 190 11.6 73 4.5 263 8.1

Oolitic Chert 2 0.1 0.0 2 0.1

Claystone 1 0.1 5 0.3 6 0.2

Diorite 3 0.2 76 4.7 79 2.4

Dolostone 1 0.1 0.0 1 0.0

Feldspar 0.0 1 0.1 1 0.0

Granite 0.0 2 0.1 2 0.1

Limestone 504 30.9 25 1.6 529 16.3

Silicified Limestone 13 0.8 88 5.5 101 3.1

Obsidian 17 1.0 0.0 17 0.5

Quartz 1 0.1 2 0.1 3 0.1

Quartzite 2 0.1 25 1.6 27 0.8

Orthoquartzite 0.0 1 0.1 1 0.0

Rhyolite 0.0 4 0.2 4 0.1

Sandstone 9 0.6 26 1.6 35 1.1

Silicified Sandstone 1 0.1 5 0.3 6 0.2

Siltstone 104 6.4 731 45.4 835 25.7

Silicified Siltstone 1 0.1 18 1.1 19 0.6

Silicified Wood 1 0.1 0.0 1 0.0

Grand Total 1632 100.0 1611 100.0 3243 100.0
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Raw Material

Similar to cores, the most common debitage raw material types are chert and the fine-grained

local materials (limestone at the Fresnal Rock Shelter and siltstone at Lower Stanton Ruin). Sixteen

types of raw materials are present at the Fresnal Rock Shelter, and 1 8 at Lower Stanton Ruin.

Obsidian, the only unquestionably non-local lithic raw material, occurs in the Fresnal Rock

Shelter sample in the form of 17 flakes and one core. This is not necessarily the only non-local

raw material at the two sites, just the only one that has been identified.

At Fresnal Shelter, the four most common raw material types are chert, limestone, chalcedony,

and siltstone. These four materials total 1,580 pieces, or 96.7 percent, of the debitage at Fresnal.

The remaining 52 pieces (3.3 percent) are dispersed among the other 12 lithic types. The four most

common raw materials at Lower Stanton Ruin are siltstone, chert, andesite, and silicified lime-

stone. These four materials total 1,347, or 83.7 percent, of the debitage at Lower Stanton Ruin. The

264 remaining pieces (16.3 percent) of debitage are scattered among the 14 other raw materials.

The frequency distributions among the four most common raw material types at the two sites

(Table 68) are similar. The main difference between the lithic materials occurs in the category of

the second most common type represented by limestone (30.8 percent) at Fresnal and chert (22.4

percent) at Lower Stanton Ruin. Most commonly, the Fresnal Rock Shelter debitage is made of

chert and limestone, while the Lower Stanton Ruin debitage is made of siltstone and chert.

If the raw material types are compared in relation to their workability, the two samples are

quite similar. Knappers at both sites gravitated toward siliceous and fine-grained lithic materials.

This similarity is more reflective of lithomechanics and the requirements for successful flint-

working than of cultural selection of material. There are clear differences in the distributions

between the different temporal-cultural periods, however.

Table 68. Frequencies of the Four Most Common Debitage Raw Material Types

Fresnal Rock Shelter Lower Stanton Ruin
Raw Material Number Percent Raw Material Number Percent

Chert 782 47.9 Siltstone 731 45.4

Limestone 504 30.8 Chert 361 22.4

Chalcedony 190 11.6 Andesite 167 10.4

Siltstone 104 6.4 Silicified Limestone 88 5.5

Top Four Total 1580 96.7 1347 83.7

Flake Class

Debitage has been classified according to flake class into several categories: blade flakes,

biface thinning flakes, decortication flakes, interior flakes, LAFF, Limited Attribute Flake

Fragment with Cortex (LAFFC), LILF, and Limited Information Lithic Fragment with Cortex

(LILFC) (Table 69). Table 69 does not include ground stone, or pecked stone fragments, cate-

gories that make up only 0.2 percent of the Fresnal Shelter sample and 0.5 percent of the LRS
sample. Flake class percentages show more decortication, LAFFC, LILF, and LILFC debitage at
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Lower Stanton Ruin. The Fresnal Rock Shelter has higher percentages of interior and LAFF debitage.

Biface thinning flakes occur with nearly the same percentage in the two samples.

For Chi Square testing, the blade category has been dropped because of low cell values, and

the LILF and LILFC categories have been eliminated because they are lithic fragments that are

not necessarily cultural. The LAFF and LAFFC categories have been retained because they rep-

resent lithic fragments with discernable flake characteristics. A Chi Square test of the biface thin-

ning, decortication, interior, LAFF, and LAFFC categories results in a Chi Square value of 31.83

(p = 0.00, df = 4). At a 0.05 level of significance, the flake class distributions for debitage from

the Fresnal Rock Shelter and Lower Stanton Ruin are different. For the attribute of flake class, the

hypothesis of no difference between the samples is rejected.

Table 69. Debitage Flake Class By Site

Fresnel Rock Shelter Lower Stanton Ruin Total

Flake Class Number Percent Number Percent Number Percent

Blade 8 0.5 3 0.2 11 0.3

Bifacial Thinning 179 11.0 167 10.4 346 10.7

Decertification 199 12.2 226 14.1 425 13.1

Interior 600 36.8 475 29.6 1075 33.3

Limited Attribute Flake

Fragment 422 25.9 294 18.3 716 22.1

Limited Attribute Flake

Fragment with Cortex 44 2.7 75 4.7 119 3.7

Limited Information Lithic

Fragment 139 8.5 185 11.5 324 10.0

Limited Information Lithic

Fragment with Cortex 39 2.4 178 11.1 217 6.7

Total 1630 100.0 1603 100.0 3233 100.0

Tables 70 and 7 1 exhibit the distributions of the four most common raw materials within the

different flake classes. Debitage raw material categories are listed in these tables in their order of

occurrence (from left to right) in the whole debitage assemblage.

These same tables show a clear difference between Fresnal Rock Shelter and Lower Stanton

Ruin in the percentages of raw materials within flake classes. At the Fresnal Rock Shelter, chert is

the predominant material in all flake classes except among the decortication flakes. Limestone, the

locally available fine-grained material, occurs slightly more, frequently among the decortication cat-

egory, and is the second most common material for all other flake classes. The opposite is true at

Lower Stanton Ruin, where chert is the primary raw material for only decortication flakes, it is the

second most common type in all other flake classes. Siltstone, Lower Stanton Ruin's fine-grained

local material, dominates the biface thinning, interior, and LAFF flakes classes, but is less dominant

in the LAFFC flake class.
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Ward's method of cluster analysis is an agglomerative technique useful for identifying patterns

in a data set. This method uses the error sum of squares to compute the distance of members of a

cluster from the mean of that cluster (Shennan 1988). Figure 43 displays dendrograms of cluster

analyses of flake class and raw material at the Fresnal Rock Shelter and in Lower Stanton Ruin,

respectively. They demonstrate that the groupings of flake classes in terms of raw material are the

same at the two sites.

Two clear clusters appear in the dendrograms for both sites. One contains the biface thinning,

decortication, and LAFFC flake classes. The other cluster is composed of interior and LAFF deb-

itage. The members of each of the two clusters are more similar to one another in terms of raw

material than they are to the flake classes in the other cluster.

The null hypothesis is rejected at the 0.05 level of significance when the attributes of debitage

raw material and flake class are compared individually. Bivariate statistics tables, of raw material

distribution within flake classes, reveals similarities between the sites. Ward's method of cluster

analysis shows the same groupings of flake classes in terms of raw material at both sites.

Fresnal Rock Shelter

Distances

500.000

0.000

I

LAFF

D

BT
l_

LAFFC

Lower Stanton Ruin

Distances
0.000

i

i 200.000
LAFF i

i

BT 1

i+_

D I

+

LAFFC

Figure 43. Dendograms of Ward's Method Cluster Analysis of Flake Class and Raw Material.
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Heat Treatment

Heat treatment of debitage is recorded by site in Table 72. This table also provides informa-

tion on the number of unintentional and intentional heat-treated specimens. These variables are

clearly not independent and, therefore, are not amenable to a Chi Square test.

A close examination of the comment column, on the debitage analysis forms, indicates that

some of the debitage, marked as heat treated, shows evidence of having been accidentally altered

thermally, after the flake has been removed from its core. This evidence occurs in the form of

potlid fractures or clear burning on both the dorsal and ventral surfaces. Seventeen pieces of deb-

itage from the Fresnal Rock Shelter classified as heat-treated, have associated comments indicat-

ing that the heat treatment is not intentional. Ten of these 17 are LILFs or LAFFs. Only seven

pieces of "heat-treated" debitage from Lower Stanton Ruin appear to have been heated acciden-

tally. Five of these are LILFs or LAFFs and are classified as heat spalls. Table 72 displays the

occurrence of heat treatment after correction for unintentional heating. The incidence of heat

treatment is so low at both sites that the hypothesis of no difference between Fresnal Rock Shelter

and Lower Stanton Ruin cannot be evaluated.

Table 72. Heat Treated Debitage by Site

Absent

Site Number Percent

Unintentional

Number Percent

Intentional

Number Percent

Total

Number Percent

Fresnal Rock Shelter 1596 97.8

Lower Stanton Ruin 1597 99.1

Grand Total 3193 98.5

17 1.0

7 0.4

24 0.7

19 1.2

7 0.4

26 0.8

1632 100.0

1611 100.0

3243 100.0

Maximum Dimension

To derive the maximum dimension, each piece of debitage is placed on a target and its maxi-

mum dimension is recorded as a size range (0-0.5 cm, 0.5-1 cm, 1-2 cm, and so on; Table 73).

Because several cells have values of zero or one, the size categories have been regrouped into 0-1

cm, 1.1-1.5 cm, 1.6-2 cm, 2.1-3 cm, 3. 1-4 cm, 4.1-5 cm, 5.1-6 cm, and over 6 cm. A Chi Square

test on these regrouped categories yields a Chi Square value of 386.89 (p = 0.000, df = 7). The

cell contribution numbers indicate that 301.7 of the 386.89 Chi Square value is associated with

the 0-1 cm category. As a result, the hypothesis that there is no difference in the frequencies of

debitage maximum dimension is rejected.

Debitage maximum dimension percentages show a very large difference between the sites for

the 0.5-1 cm category. The Fresnal debitage sample in this category is 25.804 percent and the

Lower Stanton Ruin debitage sample is only 3.4 percent. Because the deposits at Fresnal Rock

Shelter have been water-screened through a finer mesh than the sample from Lower Stanton Ruin,

the 0-1 cm category has been removed from another Chi Square test. The quarter-inch (0.6 cm)

screens used at Lower Stanton Ruin recovered smaller flakes than the coarser screen used at the

Fresnal Rock Shelter. By removing the 0-1 cm debitage category, the two samples have been

equalized. Unfortunately, the removal of this category means that debitage in the 0.6-1 cm range
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(large enough to be caught by the quarter-inch screens) also has been eliminated from the statis-

tical test. This test yields a Chi Square value of 29.94 (p = 0.000, df = 6). Even by controlling for

the different screen sizes, the hypothesis of no difference in debitage maximum dimensions

between Fresnal Rock Shelter and Lower Stanton Ruin would be rejected.

Table 73. Maximum Debitage Dimensions (cm)

Maximim
Dimension

Fresnel Rock Shelter

Number Percent

Lower Stanton Ruin

Number Percent

Total

Number Percent

0.5 28 1.7 1 0.1 29 0.9

1 422 25.9 55 3.4 477 14.7

1.5 385 23.6 374 23.2 759 23.4

2 323 19.8 452 28.1 775 23.9

3 294 18.0 480 29.8 774 23.9

4 120 7.4 175 10.9 295 9.1

5 38 2.3 52 3.2 90 2.8

6 9 0.6 13 0.8 22 0.7

7 9 0.6 8 0.5 17 0.5

8-10 4 0.2 1 0.1 5 0.2

Total 1632 100.0 1611 100.0 3243 100.0

Tables 74 and 75 provide the distributions of debitage maximum dimensions for the four most

common lithic material types at Fresnal Rock Shelter and Lower Stanton Ruin. A substantial

amount of the siliceous debitage (30.3 percent of chert and 31 percent of chalcedony) at Fresnal

Rock Shelter falls into the 0.5-1 cm size class. No more than 5.4 percent of any of the top four

raw materials at Lower Stanton Ruin occur within this range.

Although the possibility exists that the differences in maximum dimensions between the two

sites are the result of differential recovery of lithic debitage due to varying screen sizes, rather

than to differences in lithic technology, is unlikely. Jones
1

(1990) suggestion that the debitage

from Fresnal Shelter is representative of resharpening and retooling is a more appropriate expla-

nation for the differing frequencies in the smaller size classes.

Tables 76 and 77 demonstrate the debitage maximum dimensions within flake class for the

two sites. Dendrograms of Ward's method of cluster analysis (Figure 44) show that each site has

two clear clusters represented. In one group, biface thinning, decortication, and LAFFC debitage

are the most similar in terms of maximum dimension. The other cluster is composed of interior

and LAFF debitage. These classes are more similar to one another in terms of maximum dimen-

sion than they are to the decortication, biface thinning, and LAFFC debitage.

The hypothesis of no difference between Fresnal Rock Shelter and Lower Stanton Ruin is reject-

ed at the 0.05 level of significance when debitage maximum dimension and flake class are considered

individually. When the attributes are considered together, however. Ward's method of cluster analysis

shows the same groupings of flake classes in terms of maximum dimension at both of the sites.
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Figure 44. Dendograms of Ward's Method Cluster Analysis of Flake Class and Debitage Maximum
Dimension.

Ventral Surface Attributes

Ventral surface attributes have been recorded for biface thinning, decortication, and interior

flakes, and are classified as diffuse, pronounced, missing, and indeterminate (Table 78). This cat-

egory includes 60.4 percent of the Fresnal Shelter debitage and 54.3 percent of the Lower Stanton

Ruin debitage. Percentages in Table 78 are based on the occurrence of those attributes among

flakes that have ventral surfaces.

These percentages demonstrate clear similarities in the distributions of ventral surface attrib-

utes. Fresnal Rock Shelter for example, has 69.8 percent of the ventral surfaces at Fresnal Rock

Shelter are diffuse, compared to 68.5 percent at Lower Stanton Ruin. In contrast, 30 percent are

pronounced at Fresnal, compared with 3 1 .2 percent at Lower Stanton Ruin. A Chi Square test is

not appropriate in this case, as the percentages are nearly identical. Therefore, the hypothesis of

no difference in ventral surface attributes between the Fresnal Rock Shelter and Lower Stanton

Ruin samples is accepted.
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Table 78. Debitage Ventral Surface Attributes by Site

Ventral Surface

Attribute

Fresnel Rock Shelter

Number Percent

Lower Stanton Ruin

Number Percent

Total

Number Percent

Diffuse 688 69.8 599 68.5 1287 69.2

Indeterminate 1 0.1 1 0.1 2 0.1

Missing 0.0 3 0.3 3 0.2

Pronounced 296 30.0 273 31.2 569 30.6

Total 986 100.0 875 100.0 1861 100.0

Platform Remnant

Platform remnants have been recorded as those with cortex, those displaying an old edge (of a

biface), those exhibiting a flake scar, indeterminate, missing, multifaceted, and natural (Table 79).

Again, percentages are calculated based on the occurrence of specific platform remnants among

flakes that have ventral surfaces.

A Chi Square test run without the indeterminate and missing categories yields a Chi Square

value of 10.48 (p = 0.033, df = 4). The cortex category again is the highest contributor to the Chi

Square value (5.9 of 10.48). With the level of statistical significance set at 0.05, the Chi Square test

indicates that the hypothesis of no difference in platform remnants between the debitage samples

from Fresnal Rock Shelter and Lower Stanton Ruin should be rejected.

Table 79. Debitage Platform Remnants by Site

Platform Fresnel Rock Shelter Lower Stanton Ruin Total

Type Number Percent Number Percent Number Percent

ICortex 63 6.4 86 9.8 149 8.0

Old Edge 4 0.4 4 0.5 8 0.4

Flake Scar 52 5.3 34 3.9 86 4.6

Indeterminate 2 0.2 3 0.3 5 0.3

Missing 125 12.7 86 9.8 211 11.3

Multifaceted 88 8.9 63 7.2 151 8.1

Natural 652 66.1 599 68.5 1251 67.2

Total 986 100.0 875 100.0 1861 100.0

Platform/Dorsal Surface Juncture

The platform/dorsal surface juncture of each flake is classified as indeterminate, missing,

overhang removed, or unprepared (Table 80). The percentages of overhang removed versus unpre-

pared platforms at the two sites are very close.

Because the indeterminate and missing categories are of little use in determining whether the

Fresnal and Lower Stanton flintworkers are preparing their platforms, they have been removed

from the analysis. A Chi Square test run only on the unprepared and overhang removed categories

yields a Chi Square value of 0.52 (p = 0.470, df = 1). Results of the Chi Square test (comparing

the occurrence of preparation of the platform/dorsal surface junctures) indicate that the hypothe-

sis of no difference in that attribute between the Fresnal Rock Shelter and Lower Stanton Ruin

samples should not be rejected at a 0.05 level of statistical significance.
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Table 80. Debitage Platform Preparation by Site

Platform

Preparation

Fresnel Rock Shelter

Number Percent

Lower Stanton Ruin

Number Percent

Total

Number Percent

Indeterminate 18 1.8 7 0.8 25 1.3

Missing 121 12.3 85 9.7 206 11.1

Overhang Removed 250 25.4 244 27.9 494 26.5

Unprepared 597 60.5 539 61.6 1136 61.0

Total 986 100.0 875 100.0 1861 100.0

Error Recovery Techniques

During laboratory analysis, recovery flakes have been classified as pick-up from behind, pick-

up from an adjacent margin, pick-up from the same margin, and pick-up from the opposite margin

(Table 81). Of the flakes with discernable ventral surfaces, 9.5 percent of those from Fresnal Rock

Shelter and 17.4 percent of the Lower Stanton Ruin flakes exhibit error recovery techniques. The

two samples clearly have differing rates of error recovery flakes.

When error recovery flakes are present, however, they have similar distributions within the four

techniques identified. A Chi Square test comparing frequencies of specific error recovery techniques

provides a Chi Square value of 1.65 (p = 0.649, df= 3). The hypothesis of no difference in the inci-

dence of specific recovery techniques is not rejected at the 0.05 level of significance.

Table 81. Error Recovery Techniques by Site

Error Recovery Fresnel Rock Shelter Lower Stanton Ruin Total

Technique Number Percent Number Percent Number Percent

Pick-up from Adjacent Margin 14 14.9 22 14.5 36 14.6

Pick-up from Behind 56 59.6 101 66.4 157 63.8

Pick-up from Opposite Margin 9 9.6 12 7.9 21 8.5

Pick-up from Same Margin 15 16.0 17 11.2 32 13.0

Total 94 100.0 152 100.0 246 100.0

Flake Termination Type

Flake terminations are classified as feather, hinge, missing, step, and outrepasse (Table 82).

The outrepasse category has been removed prior to Chi Square testing, due to its low values.

During the laboratory portion of this analysis, the identification of step and missing termina-

tions has been difficult. There is a strong possibility that the termination frequencies in those two

categories actually represent analyst error. Therefore, the step and missing termination categories

have been combined. A Chi Square test comparing the step or missing, hinge, and feather termi-

nations result in a Chi Square value of 1.20 (p=0.548, df = 2). At the 0.05 level of significance,

the hypothesis of no difference in termination types between the two sites is accepted.
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Table 82. Flake Terminations by Site

Flake Fresnel Rock Shelter Lower Stanton Ruin Total

Termination Number Percent Number Percent Number Percent

Feather 546 55.5 552 63.2 1098 59.1

Hinge 127 12.9 134 15.3 261 14.0

Missing 190 19.3 127 14.5 317 17.1

Step 118 12.0 61 7.0 179 9.6

Outrepasse 3 0.3 0.0 3 0.2

Total 984 100.0 874 100.0 1858 100.0

Summary ofLithic Analysis

Results of the statistical analyses for this project are best summarized in table form. Tables 83

and 84 display the results of statistical analysis in terms of acceptance or rejection of the hypoth-

esis of no difference in the occurrence of various attributes between Fresnal Rock Shelter and

Lower Stanton Ruin.

Table 83. Results of Core Analysis

Core Attribute

Are there Significant Differences in Attributes

between Fresnal Rock Shelter and Lower Stanton Ruin?

Raw Material No
Maximum Dimension No
Core Type No
Core Blank Yes

Platform Type Yes

Secondary Use No

Table 84. Results of Debitage Analysis

Core Attribute

Are there Significant Differences in Attributes

between Fresnal Rock Shelter and Lower Stanton Ruin?

Raw Material

Flake Class

Heat Treatment

Maximum Dimension

Ventral Surface Attributes

Platform Remnants
Platform/Dorsal Surface Juncture

Recovery Techniques

Terminations

Indeterminate

Yes

Inconclusive

Yes

No
Yes

No
Yes (when rates compared between samples),

No (when specific techniques are compared)

No
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Cores

Attributes of raw material, maximum dimension, core type, and secondary use have been

evaluated using Chi Square tests. In contrast, platform type and core blank have been assessed

based on frequency and percentage values.

Results of analysis of core attributes indicate that, at a 0.05 level of statistical significance,

there is no difference in maximum dimension, core type, and secondary use between Fresnal Rock

Shelter cores and Lower Stanton Ruin cores. Chi Square testing comparing the frequencies of the

top three raw material types indicates that the hypothesis of no difference between the samples

from the two sites should not be rejected. Additionally, examination of the frequency tables for

all core raw material type clearly shows great similarities between the two samples.

The differences between the two sites occur with the attributes of core blank and platform

type. Neither attribute is amenable to a Chi Square test, so both are evaluated by frequencies

and percentages.

An examination of core blank percentages demonstrates a clear difference in the occurrence

of nodular and tabular cores between the two samples. Nodular cores dominate the Lower Stanton

sample, while tabular cores are most common at Fresnal Rock Shelter. Lower Stanton Ruin's

proximity to the Rio Bonito, a convenient source of river cobbles, may have contributed to a high-

er frequency of nodular cores there, and Fresnal Rock Shelter's location in a limestone cliff to the

frequency of tabular chert and limestone.

Core platform type percentages indicate that cortex and flake scar platforms are more com-

mon at Lower Stanton Ruin, and natural platforms at Fresnal Rock Shelter. The availability of Rio

Bonito cobbles at Lower Stanton Ruin and bedded limestone and chert at Fresnal Rock Shelter

may be responsible for these differences.

Debitage

Attributes of flake class, maximum dimension, platform/dorsal surface juncture, and flake

terminations have been evaluated using Chi Square tests. Raw material, ventral surface attrib-

utes, platform remnants, and recovery techniques are assessed on the basis of frequency and

percentage values.

Results of analyses of debitage attributes indicate that, at a 0.05 level of statistical signifi-

cance, there is no difference in platform/dorsal surface juncture, the occurrence of specific error

recovery techniques, and flake terminations. Percentage figures indicate that the null hypothesis

should not be rejected for the ventral surface attributes category.

The rate of occurrence of error recovery techniques is clearly different for the two samples

(9.5 percent at Fresnal and 17.4 percent at Lower Stanton). When error recovery flakes are pres-

ent, however, they have similar distributions within the specific error recovery flakes are present,

however they have similar distributions with the specific error recovery techniques.

Ventral surface attributes are associated with the type of hammer used in percussion reduc-

tion, and with the amount of force applied during pressure reduction. The platform/dorsal surface

191



Elizabeth McNally

juncture category records frequencies of platform preparation. Preparation strengthens the platform,

reducing the chance of error. Hinge and step terminations result from errors in the application of force.

The attributes of ventral surface, platform/dorsal surface juncture, and flake termination are

associated with reduction technique and skill. As a result, they suggest that flintworkers at Lower

Stanton Ruin and Fresnal Rock Shelter employ similar reduction techniques and work within a

comparative level of expertise.

Results of the analyses of debitage attributes indicate that, at a 0.05 level of statistical signifi-

cance, the hypothesis of no difference should be rejected for flake class and maximum dimension.

Percentage figures indicate that there are clear differences between the samples for the attributes of

platform remnant, presence/absence of error recovery techniques, and individual raw material types.

There are clear differences between the sites in raw material only for the second group of the four

most common raw material categories.

The chief difference in debitage raw material is that the Fresnal Shelter sample is slightly

more concentrated among a few lithic types, while the Lower Stanton Ruin sample is a little more

dispersed among raw material types. An examination of the frequency tables indicates that the

cores and debitage at both sites are dominated by chert and by the most readily available fine-

grained material (i.e., limestone at Fresnal Rock Shelter and siltstone in the case of Lower Stanton

Ruin). The two samples have very similar raw materials when they are evaluated on the basis of

lithormechanical class.

The Fresnal Rock Shelter and Lower Stanton Ruin have different incidences of the various

flake classes. More decortication, LAFFC, LILF, and LILFC debitage occurs at Lower Stanton.

In contrast, interior and LAFF debitage are more common at Fresnal Shelter. Biface thinning

flakes occur at about the same rate at the two sites. The flake class percentages seem to indicate

that more cortex removal and early stage reduction took place at Lower Stanton Ruin. This, how-

ever, may simply reflect the form of the most readily available raw materials at the two sites: river

cobbles at Lower Stanton Ruin and tabular limestone and chert at the Fresnal Rock Shelter.

When all size classes are compared, the hypothesis of no difference in maximum dimension

between the two sites is rejected. Even controlling for different screen sizes, Fresnal Rock Shelter

has a higher percentage of smaller debitage than does Lower Stanton Ruin.

The null hypothesis also is rejected for the attribute of platform remnant. Chi Square cell con-

tribution values indicate that cortex platform remnants are the highest contributors to the Chi

Square value. Cortex platforms are more common at Lower Stanton Ruin, while flake scar and

multifaceted platforms occur slightly more often at Fresnal, Rock Shelter. This is consistent with

the results in the flake class category, and provides more evidence that Lower Stanton Ruin flint-

workers apply more decortication or initial reduction techniques to their lithic materials than

Fresnal Rock Shelter knappers. Again, the prevalence of cortex at Lower Stanton Ruin may be

due to the availability of river cobbles with cortex.

Based on recovery technique percentages, the hypothesis of no difference in the rates of pres-

ence/absence of error recovery is rejected. Of the flakes with ventral surfaces, 9.5 percent at

Fresnal Rock Shelter and 17.4 percent at Lower Stanton Ruin exhibit error recovery techniques.

192



Variation in Flaked Stone Tool Assemblages

When recovery flakes are present, however, the various techniques occur in nearly identical

frequencies at the two sites.

Evolution ofExpected Results

To evaluate the expected results of this study, two conceptual approaches must be examined.

The first is raw material, which is often cited as the primary limitation for the production of stone

tools, and subsistence and settlement, the proponents of which maintain that embedded strate-

gies and implement needs shape lithic technology. These approaches are evaluated in light of

previous research.

Raw Material

I expect that, if raw materials are the chief constraint on lithic technology, the pattern of raw

material use would be nearly the same for the Fresnal Shelter and Lower Stanton sites, as they have

similar lithic raw material resources. The expectations for these sites are reviewed in Table 85.

This expectation appears to hold true for the Fresnal Shelter and Lower Stanton cores. The

only differences between the cores from the two samples occur in the categories of core blank

and platform type. There are more nodular core blanks at Lower Stanton and more tabular cores

at Fresnal Shelter.

Furthermore, there are more platforms exhibiting cortex and flake scars at Lower Stanton

while the platforms at Fresnal Shelter are represented by natural platforms. These variations are

easily explained by the differences in local lithic raw materials. The available river cobbles at

Lower Stanton are covered with a mechanical cortex, while the limestone and chert, convenient

to Fresnal Shelter, occur in tabular form and generally do not have cortex.

The bivariate tables of core maximum dimension within raw materials (Tables 59 and 60) for

both sites indicate that chert cores tend to fall into the smaller size classes, and the coarser-

grained, non-siliceous raw materials cluster into the larger size classes. This is probably due to

preferential use of chert for bifaces and stylized bifaces at both Fresnal Rock Shelter and Lower

Stanton Ruin.

Cluster analyses of raw material within flake class and of debitage maximum dimension with-

in flake class produces the same clusters for both sites. This further supports the notion that the

samples from Fresnal Rock Shelter and Lower Stanton Ruin are very similar.
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Table 85. Expected Results of Lithic Analysis

Fresnal Rock Shelter Lower Stanton Ruin

If raw material is the chief constraint:

pattern of raw material use for the manufacture of formal and informal tools should be nearly

the same for the two sites, as they have similar lithic raw material resources

If subsistence and settlement have more of an effect:

expedient tools, multipurpose tools, or more specific or complex tools

both

bifaces as cores fewer bifacial cores

portable tools, expensive in quality raw

material and in manufacturing

more expedient tools and a tendency

to discard rather than resharpen

more unusual raw material less unusual raw material

good quality raw material for both

minimally and highly modified tools

good raw material used primarily for

highly modified tools that require

high quality lithic material

heat treatment less common heat treatment more common

less economical use quality

raw material

more economical use of quality

raw material

greater variety and better quality of

material

less variety and poorer quality

material

The lithic sample from each site should be consistent with previous research:

should be representative of refurbishing should about equally represent

and reworking activities (Jones 1990) manufacturing and maintenance activities

(Shelley 1991)

Subsistence and Settlement

Of the results expected, if subsistence and settlement have more of an effect on lithic tech-

nology than does raw material, only a few of the expectations in Table 85 will have been met.

These results seem to indicate that subsistence and settlement have a smaller affect on lithic tech-

nology than access to raw material.
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Variation in Flaked Stone Tool Assemblages

I expected the more economical use of quality material at Lower Stanton Ruin than at Fresnal

Rock Shelter. The higher percentage of error recovery flakes at Lower Stanton Ruin (17.4 percent)

than at Fresnal Shelter (9.5 percent) may indicate conservation of quality raw material at the former.

That is, flintworkers at Lower Stanton Ruin may have used these techniques to salvage valuable

material that would otherwise have been discarded. Alternatively, this discrepancy in error recovery

technique frequencies may be due to raw material. Most of the Fresnal Shelter debitage is composed

of a few high quality lithic types, while the Lower Stanton sample is more varied. Six raw materi-

als are represented among the error recovery flakes from Fresnal, and 12 lithic types among those

from Lower Stanton Ruin. The greater variety of materials at Lower Stanton Ruin may have been

more difficult to master for the flintknappers, resulting in a higher rate of mistakes.

I anticipated that better quality and unusual raw material would be used for both minimally and

highly modified tools at Fresnal Shelter. In contrast, I expected that better quality raw material

would be used primarily for highly modified tools that required finer grained material at Lower

Stanton Ruin.

The bivariate tables of the distributions of raw materials within core types show chert as the

dominant raw material for bifaces and stylized bifaces at both sites. Chert makes up a higher per-

centage of the core types at Lower Stanton Ruin than at Fresnal Shelter. Therefore, this expectation

is apparently met. This result is tenuous, however, because it is based on only 1 3 bifaces and eight

stylized bifaces from Fresnal, and 23 bifaces and 16 stylized bifaces from Lower Stanton Ruin.

Finally, I had expected the Fresnal Shelter sample to contain more portable tools, which are

expensive to obtain in terms of quality raw material and require more refined manufacturing tech-

niques. In contrast, the Lower Stanton sample was expected to have more expedient tools, and a

tendency to discard rather than to resharpen. The first part of this expectation was not met, but the

second part appeared to have been. The higher percentage of small flakes at Fresnal Shelter may

represent more resharpening and retooling than what occurred at Lower Stanton Ruin.

Previous Research

I expected that analysis of lithic debitage and cores from Lower Stanton Ruin and Fresnal

Rock Shelter would be consistent with previous research conducted by Jones (1990) and Shelley

(1991). The higher frequency of small flakes at Fresnal was consistent with Jones' (1990) state-

ment that the shelter's lithics represented refurbishing and reworking activities.

The Lower Stanton Ruin sample contained more evidence of cortex, in the form of decortication

flakes and debitage, as well as cortex supported platforms. This observation provides some support for

Shelley's (1991) assessment that the Lower Stanton Ruin debitage represented both manufacturing and

maintenance activities. As has already been discussed, however, local raw material availability, rather

than reduction stage, may be responsible for these differing rates of cortex.

Summary ofLithic Analysis

Much of the variation between the lithic samples from the Fresnal Rock Shelter and Lower

Stanton Ruin can be explained by the differing types and forms in which local raw material occurs
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near the two sites. The hypothesis of no difference has been rejected for the attributes of core

blank, core platform remnant, flake class, debitage platform remnant, debitage raw material, deb-

itage maximum dimension, and error recovery technique. Differences in the occurrence rates for

the first four of these attributes can be explained by the availability of river cobbles exhibiting cor-

tex at Lower Stanton Ruin and the presence of limestone without cortex at Fresnal Shelter.

The two unquestionable differences between the samples from Fresnal Rock Shelter and

Lower Stanton Ruin occur with the attributes of debitage maximum dimension and debitage raw

material. A probable explanation for the differences in size is that these small flakes represent

refurbishing and reworking activities at Fresnal Rock Shelter. In that case, the difference is func-

tional rather than temporal.

The apparent concentration of raw material usage, as demonstrated by debitage made of the

most common lithic types at Fresnal and the greater number of lithic types at Lower Stanton Ruin,

is probably a function of local availability. Alternatively, these differences may represent prefer-

ences possibly related to the different cultural adaptations and responses by these peoples. There

is no way to evaluate this statement without further studying the assemblages from other Archaic

and Ceramic sites.

Results of analysis of the core and debitage samples from the Fresnal Rock Shelter and Lower

Stanton Ruin indicate that there are minimal differences between the two samples. For the most

part, the existing differences can be explained by raw material availability. No temporally sensi-

tive attributes have been identified. This work provides support for the idea that raw material is

the chief constraint on lithic technology.

In the case of this study, the people from these two sites, which were occupied at different times

and with apparently different settlement and subsistence patterns, had access to very similar local

lithic resources. The dramatic differences in technology, as predicted by proponents of the concept

that subsistence or settlement represents the dominant factor affecting lithic technology, fail to be

confirmed. There is a possibility, however, that the minimal differences between the core and deb-

itage samples from the Fresnal Rock Shelter and Lower Stanton Ruin indicate that the sites are more

alike in terms of subsistence strategies or settlement patterns than previous research has suggested.
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Chapter 10

Volume Summary and Conclusions
Phillip H. Shelley

The results presented here demonstrate the degree of research that can be accomplished within

the context of higher education. This research goes well beyond traditional description to pose

and investigate questions of regional importance. Such an approach can contribute to our general

understanding of Southwest prehistory, provide an improved understanding of the prehistory of the

Fort Stanton Reservation, and advance archaeology as a science. The remainder of this chapter is

divided into three sections: Culture History, Problem Oriented Studies, and Conclusions.

Culture History

Chronological studies indicate that the major semi-sedentary occupation of the Fort Stanton

area, represented by the Rio Bonito Pithouse Village site (LA 37452), begins ca. a.d. 950. At this

time, individuals associated with the Mogollon archaeological tradition appear to have established

a relatively small community of subterranean homes along the well watered banks of the Rio

Bonito near the present day crossing of New Mexico Highway 380. The determination of the

number of structures for this community is difficult to calculate. When the data reported by Vierra

and Lancaster ( 1 987) are combined with the information presented here, the community may have

consisted of fewer than six structures. This community may be inferred to represent an extended

family that practiced limited horticulture and may have only lived in the area seasonally (Rocek

1991). This inference is supported by the lack of evidence for a communal structure or kiva that

might have served to integrate a more diverse population if the community consisted of more than

an extended family (Stuart and Gauthier 1981).

By a.d. 1 150, a somewhat larger and more diverse community, Upper Bonito I (LA 84319),

had been established on the southern banks of the Rio Bonito closer to the stream's headwaters.

This community consisted of an estimated 12-14 semi-subterranean houses and a large subter-

ranean structure or kiva. The inhabitants cultivated multiple varieties of corn (Zea mays) and

beans (Phaseolus sp.) in addition to collecting wild nut resources, such as pinon nuts, acorns, and

walnuts (Juglans spp). The movement of this community upslope may have been in response to a

slight decrease in regional precipitation. Given the presence of a kiva, the prehistoric inhabitants

of Upper Bonito I possibly consisted of unrelated or only distantly related groups.

Around a.d. 1350, the relatively large adobe pueblo of Lower Stanton Ruin (LA 69 102) had been

established near the Rio Bonito Pithouse Village site. Estimates of community size are of 16-20 sur-

face rooms that may have had an associated community structure in the plaza area. In comparison to

the community of Upper Bonito I, the inhabitants of Lower Stanton Ruin appear to have depended

more on wild plant foods than traditionally accepted. Local forest cover may have begun to diminish
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either in response to regional climate change and/or as a result of overexploitation. By the

mid- 1400s, the Mogollon people appear to have abandoned the Fort Stanton area.

If the above cultural dynamics are somewhat accurate, the reservation experiences a relatively

small founding population that moves onto a relatively stable landscape. This population grows

slowly and moves up and down the valley in response to local climatic conditions and resource

availability. Their economic mix changes through time with varying degrees of reliance on wild

and domestic resources. Throughout time this population abandons some habitation locations in

favor of others in a non-catastrophic manner. Their major response to stress is to pick up and move

to more attractive locations.

Problem Oriented Studies

Wilcox's study of site formation and transformation processes at Upper Bonito I demonstrates

that sedimentological and pedological techniques may be used to investigate intrasite chronological

relationships. In contrast to the original interpretation of defacto refuse (Schiffer 1976) in the aban-

doned kiva depression at this site, Wilcox establishes that most of the sediments are the result of

either redeposited materials from the structural collapse of the roof and later decay or of colluvial

movement of upslope deposits onto the site. Such information significantly contributes to the inter-

pretation of the site and provides inductive feedback for additional deductive investigations of the

site through the research process. Wilcox's data also indicate that the distribution of archaeological

remains on the surface of Upper Bonito I should be viewed as a blurred image of the location of past

behavior at best.

Salzer's study of chronological variation in brownware ceramics from the Rio Bonito demon-

strates that, if samples sizes are relatively large and multiple varieties of brownwares are present,

changes in the relative frequency of brownwares may be used to place sites in time. In those

situations where only a small sample is present or where there is limited variation in brownware

types, however, only certain ceramic attributes may be used to place a site within a temporal

framework. Salzer finds that through time, brownware rim thickness increases as does the amount

of flaring on jar rims. In contrast, the relative frequency of exterior polishing decreases through

time, as does the frequency of rim tapering. These results can be used to place sites in a relative

chronological framework on the Fort Stanton Reservation, throughout the Sierra Blanca Region,

in eastern New Mexico, and perhaps adjoining regions.

Aguila's research on variation within the decorated ceramics from sites on the Fort Stanton

Reservation provides insight into regional interaction through time. She finds that during the ini-

tial occupation of the valley, a majority of the imported ceramics is indicative of cultural and prob-

ably economic interactions with aboriginal populations to the south and west (i.e., Mimbres

Mogollon). By the twelfth century a.d., regional interaction with people to the south may have

declined, while contacts with the Mimbres region remain strong. Concurrently, the inhabitants of

the Rio Bonito drainage begin to interact with populations located in the Gran Quivira and

Middle Rio Grande areas. By the late part of the fourteenth century, the inhabitants of the Rio

Bonito may have experienced a decline in regional interaction. Imported ceramics decrease in

198



Volume Summary and Conclusions

overall frequency, however, a few new types from the Chihuahua region begin to appear in the

region. This decrease in regional interaction may reflect diminishing agriculture production in

the Rio Bonito area. The macrobotanical and lithic data support such an inference.

McNally's study of variation in lithic data reveal surprising patterns in the fourteenth cen-

tury lithic production strategies in the region. Prior to her analysis, it has been assumed that late

Mogollon lithic technology of the Sierra Blanca Region should mimic those of other late agri-

cultural cultures in the Southwest. Several other studies in northwestern and northern New
Mexico have concluded that Puebloan lithic technology uses a non-biface, flake blank based

system. When McNally compares the technological system at Lower Stanton Ruin to an

Archaic sample from Fresnal Rock Shelter, she finds no significant differences in the core

reduction strategies. In fact, the Lower Stanton Ruin sample exhibits a significant number of

bifaces and biface thinning flakes. These results cast doubt on using the comparative frequen-

cies of bifaces to distinguish between Archaic and Puebloan assemblages in southern New
Mexico. Her findings coincide well with the results of the flotation and ceramic analytical studies

presented in this volume.

McNally discovers that the inhabitants of Lower Stanton Ruin rely almost exclusively on

locally available raw materials acquired from the banks of the Rio Bonito or the adjacent

slopes. Such an exploitation pattern is expected for a relatively sedentary group with limited

regional interaction.

Conclusion

The RBAP has been designed to provide learning opportunities for students and young pro-

fessionals alike. In addition, the RBAP project has been organized to provide insights into the

prehistoric occupation of the Fort Stanton Reservation. These insights increase our knowledge

of the past, as well as form the basis for a public education program, and assist the BLM to

meet its obligations. In all respects, this project has been a success.
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